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PREFACE 

( 


This book is intended for those students and dyers who 
have a good knowledge of general chemistry, and some knowl¬ 
edge of organic chemistry. 

The object is to present, briefly, the origin and history 
of coal-tar production, and a discussion of the intermediate 
products between the coal-tar and the dyes themselves. 

The methods of making the dyes arc taken up, followed 
by a study of the relations of the great classes of dyes, and 
also the individual dyes themselves, to one another in the 
same class. The development of one color from another by 
a change in its composition is explained, and tables showing 
the variation of color accompanying change of composition 
are include^. The proof of constitution is in many places 
given in such detail as to allow the student to comprehend 
the bases for the structure of the complex molecules of the 
dyes. 

The significance of the chromophors and chromogens in 
the different classes of dyes is discussed. The use of mordants 
and the character of the union between the dyes and animal 
and vegetable fibres arc also included. 

A few manufactujing processes are introduced here and 
there in detail, to give clear conceptions of this phase of the 
subject. Some practical experience to assist in compre¬ 
hending the theory of the subject is made possible by a course 
of experiments, the performance of which aids in vivifying 
this difficult and interesting subject. It is hoped that this 
feature of the work will produce a more tangible result than 
could otherwise be possible. 

The terms sulphonic acid and sulpho acid are used inter- 
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changeably in indicating those compounds containing thc^ 
SO3H group. The author wishes to acknowledge the kindly 
and helpful suggestions received from Dr. Arthur C. Langmuir, 
Professor John C. Olsen, and Dr. Bernard C. Hesse, in the 
preparation of this volume. 

Among the many sources drawn upon may be mentioned: 
Chemie der organischen Farbstoffe von Dr. R. Nietzski; Tabol- 
larische, Hebersicht der kiinstlichen organischen FaiLstolTo von 
Schultz uud Julius, also Arthur Greenes translation (.)f the sanicy 
A Dictionary of Dyes and Mordants, by Rawson, Gardner and 
Lay cock; Cain and Thorpe^s Synthelic Dyestuffs and Inter¬ 
mediate Products; Chemistry of Dyestuffs by Gcorgi(ivies. 
Practical Methods of Organic Chemistry by GatUinnann. 
Organic Chemistry by Bernthsen; Organic Chemistry })y 
Richter; and Cain's Chemistry of the Diazo Compounds. 


Brooklyn, N. Y., December, 1910. 


IRVING W. FAY. 
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COAL-TAR DYES 


CHAPTER I 
INTRODUCTION 

Origin of the Coal-tar Dyes 

The discovery of the first coal-tar dye was the result of 
an accident; one of those happy accidents without which 
many of the strides of chemical science could never have 
been taken. If an unusually alert mind had not been making*; 
the observations this accident would have passcul unrecog¬ 
nized and "the opening of a new department of the science 
postponed for no one knows how many years. 

In 1856 a young English chemist, W. H. Perkin, was 
working as an assistant to the cele])ratcd German chemist 
A. W. Hoffman, who at that time held a position in London. 

♦ As the Easter vacation of that year approached Hoffman 
planned to be away from the laboratory for the holiday. 
This leisure time afforded young Perkin opportunity to try 
some experiments which had greatly aroused his interest. 
He wished to produce synthetically no less a sulLstance 
than the valuable alkaloid quinine. 

For this purpose he brought together a nitrogenous sub¬ 
stance known as allyl-toluidine, bichromate of potash, and 
strong sulphuric acid. The attempt was a failure so far 
as obtaining quinine or anything likcj it, but he noticed that 
a colored product had been formcid. The most interesting 
feature of this work was the quick perception of some possible 
value for the new substance. Few chemists would have 
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pondered the result, or in the disappointment of the moment 
have paid any attention to the unoxpeeted produet. 

On the contrary, it aroused the curiosity of Ih'rkin to 
such a degree that he resolved to investigate the p(‘culiarity 
of this strange reaction by using sirnphu* su])stanc(‘s. He 
then employed in place of allyl-toluidino, the simphu- Ixxly 
known as aniline. This was treated with bichromates of potash 
and sulphuric acid. An unpromising l^lack residues was tlus 
only result. Extraction with alcohol however dissolvenl out 
a lilac coloring matter which was later to boconus tins first 
commercially successful coal-tar dye. 

During the preliminary stages of its purification, PIe)ffman 
returned from his vacation and Perkin showeel him the 
new dyestuff. As it was not crystalline, and as Hoffman 
had a horror of substances that would not crystallize because 
of the difficulty in obtaining them in a state of purity, hes 
advised Perkin to throw it away and have nothing to do with 
it. Perkin's interest was, however, by this time too thor¬ 
oughly aroused to give it up. 

The dye was finally purified and given the name of mauve, 
by which it became familiar in England. Upon tlu^ contincuit 
it was known as aniline violet or Perkin's violent. It is now 
more often called mauveine. 

The dye appeared upon the rnarkc^t in the form of an 
alcoholic solution. It was too expemsive savcj for the dyeing 
of silk for which it was greatly prized by the manufactunws. 
At the present time it is used only to a slight extent in the 
form of a sulphate called rosolan for bluing white silk and 
for printing the English penny postage stamps. (This use 
ceased at the end of the last reign.) In this way hlngland 
maintained for half a century a unique memorial to lu^r 
celebrated chemist, perpetuated even in the rcunotest (toriu^r 
of the world wherever its mail service may hav(i penetrated. 

Though the mauve never attained a very high’dcigree of 
practical importance, none was ever of so much value in 
exciting research for the discovery of other dyes. 

Perkin's keen observation and his persistence in chwdop- 
ing his new dyestuff were rewarded both with comnuircual 
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success and with iniixTishablc^ fani(‘ in the scuentifie world. 
Jle had tlu^ rar*(‘ good fortiuK^ to witiu'ss for fifty years the 
cultivation of this (‘ntir(‘ly ih^w fi(‘Id of <ly(‘si.uff (dunnistry, 
wher(‘in th(^ most- niagnifHuait scicnitific n^sults hav(‘ Ixien 
attaiiKxl and (‘norinous industrial fruits hav(^ Ixxm naxpcxl by 
th(i utilization of oiu^ of th(i most worthlcxss by-produets in 
th(^ t(‘ehnieal world. 

proe.(‘ss(‘s of mamifac.tun^ w(u*(^ in th(^ (‘arly ycuirs of 
th(^ indust-ry necxsssarily erudci and th<^ prodiiedHS impun^ 
N(W(U’th(‘l(‘ss by th(*s(i v(‘|*y (utipirical m(d-hods gr(‘at ])rogr(xss 
was made, and r(‘S(‘arch was stiinulat(Ml to a!i unwonted 
d<‘gr(‘(u 

In th(^ y(‘ar ISfJo, th(^ Ihc'ond-ieal sich^ of the scicmco was 
(uiriclu'd by the eonet^ptioti of August Kekul6 that the 
mol(‘Cul(^ of b(‘nz(*n(‘ had th(^ form of a six-sidcxl ring or 
h(‘xagon with a single hydrogen attaeluxl to eacdx carbon 
atom. This (‘xtHurndy important and fruitful idea has given 
its auflior impcu’ishabh^ famc^. 

Kn)!n this tinn^, th(^ adviincc^s bcxaime gradiudly more 
sekaitifie, and rcsscaindi could proccxnl on rational lim^s. The 
clunnical activity stiinulahxl by r<*p{uitc*d and brilliant 
hucc(‘hh(!S in th(^ coal-tar (ly(‘H was not wholly confmcxl to 
this ficdd, but invadcxl tin* donminof th(^ natural (xdors. Four 
ycuirs afi(*r this, the (hscovcuy by (iracdx^ and IdeTermann 
of tlu^ (X)nstitution of alizarim^, th(^ color principles of tlu^ 
madden* root, used from timet imnunnorial for dyenng the 
famous Turk<*y“rc‘d, sliowed the fruit of the incntasingly 
Hcktntific eharacdxtr of investigation, ^fhis discovc‘ry drovtt 
th(t euliunt of tint niadchn* root out of iduropet and ntplaced 
it with a Hupcnior prcxiuct madcj from tint detrivatives of 
coal-tar. 

Twenty ycuirs lattT, bo tons of a 10 p(‘r cent alizarirut pastes 
were pnxluccxl in Kuropc* each day. With tlic» long contimutd 
manufactunt, the pricct fell from $1.60 petr pound in IK70 
for a 10 pc*r cxnit paste to 20 cxtriis petr pound in 1900 for a 
20 p(tr ccuit pasict. 

A similar fate is about to ov(‘rtake tint cultivation of 
indigo in its strongludd in tint fiidds of Imlla. yinco the 
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oxidation by Ncncki in 1874 of indol to indigo-blue by the 
use of ozone, unremitting studies to find its constitution have 
been carried on. Adolph Baeyer and his students and 
many others have brought out various successful methods 
of making indigo from derivatives of coal-tar, some of 
which are successful commercial rivals of the natural product. 
To such a degree have the synthetical methods progressed 
that one German firm in 1900 manufactured as much indigo 
of a quality superior to the Indian product as could be 
grown upon a quarter of a million acres of ground. 

Following the discovery of rosaniline in 1859, dyes of a 
great variety of shades were obtained and often of su(*h 
extraordinary beauty as to command fabulous prices. In 
1874 the magnificent dye, cosin, discovered by Heinrich 
Caro, sold for $100 per pound, and on account of its brilliant 
dyeings upon silk, it found a demand even at that high 
price. 

In 1900, the combined production of benzene and toluene 
amounted to between 25,000 and 30,000 tons. As these 
form about one per cent of the' crude tar, it follows that 
3,000,000 tons were subjected to distillation to obtain these 
products. 

From the early manufacture, of a nature so crude that 
during suits, in Paris in the early days, of one manufacturer 
against another for infringements of patents neither counsel 
nor experts could either dispute or establish the identity of 
products made by different oxidizing agents upon the same 
raw materials, to the present day, when research is often 
able to reveal .the actual structure and how the complex 
dye molecule is built up, is a long history of processes which 
have been improved by a most persistent and thorough 
study, both theoretical and practical, by the celebrated 
investigators of the scientific world. 






CHAPTER II 


COAX-TAR AUD ITS PRODUCTS^ 

When bituminous coal is thoroughly ignited in stoves and 
furnaces and a draught of air fremedy circnilatcs through the 
mass, three principal produ(‘.ts arc formed: one is water 
vapor, a second carbon dioxide, and a third the ash. 

If coal be heated eciually hot, hut inside a long cast-iron 
or earthen retort shut off from all contact with the oxygen 
of the air, then a groat numbin' of products is formed wholly 
unlihe those resulting from ordinary combustion. This 
operation is known as destructive distillation and has benm 
carried on to an enormons extent in all cmliy.od coiinlries 
for the production of illuminating gas. 

An estimate made twenty ytuirs ago placed the amount of 
capital invested in gas woi'ks in England alone at $35,()()(),()()0. 

Pour chief proclucds result from the destructive distilla¬ 
tion of bituminous coal as carried on in the gas works: coal- 
gas, ammoniacal lic|^uor, coal-tar, and coke. The coal-tar, 
once a great nuisance in the gas industry, is the onlysnbstarnu) 
obtained from the coal which is of importance to the dye 
Industry. It contains more compounds than the other throe 
products combined. 

In the distillation of coal, the tar loaves the hot retort as 
a heavy vapor and condenses in the water of the hydraulic 
main and in the scrubbers, whih^ the illuminating gas passes 
on through another train of purifying apparatus. 

The tar itself is a deep l)laek, opaque, syrupy liquid of 
unpleasant odor, a little hcavicu’ than water and having an 
average specific gravity of LOS to 1.20. Its black color is 
due to finely divided frc30 carbon wliich varices greatly in the 
tar from diflferent works, ranging from 7 to 33 per cent. 
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Crude coal-tar is used to some extent for making ^Har- 
paper/^ for preserving timber, and coal-tar pitch, as a protec¬ 
tive paint for acid pipes and condensing vessels, and further 
as a cement in forming certain furnace linings. 

The constituents of tar may, according to their chemical 
reactions, be divided into three classes: first, the hydrocarbons, 
second, the phenols, third, the nitrogenous compounds. 

The hydrocarbons as the name suggests are composed of 
carbon and hydrogen. They are chemically indifferent sub¬ 
stances exhibiting neither acid nor alkaline properties. They 
form at the same time the principal and most valuable portion 
of coal-tar. Benzene, toluene, xylene, naphthalene, and 
anthracene are the most important of these hydrocarbons. 

The second class comprises oxygenated bodies called phenols; 
they consist of carbon, hydrogen and oxygen. They are 
weakly acid bodies and collectively are known as the 
acids.'' They conscqtiently dissolve in a solution of the 
caustic alkalies while they are insoluble in dilute acids. Car¬ 
bolic acid or phenol and cresol are the most important of these 
bodies. 

The third class is made up of bodies composed of carbon, 
hydrogen, and nitrogen. These are of a basic nature and 
dissolve in acids. A large number of individual substances 
is comprised in this class, but none in sufficiently large amount 
to render profitable its technical preparation from this source. 

There remain a number of other substances among which 
are sulphur, oxygen, and nitrogen derivatives of the hydro¬ 
carbons, and carbon disulphide, but these are not isolated, 
and occur chiefly as impurities in the other classes and serve 
to make more tedious their ultimate purification. 

The increasing employment of the 0. W. Hoffman ovens 
for producing coke, wherein the volatile constituents of the 
coal are saved, augments the total annual product for the 
world which at present cannot be far from 3,000,000 tons. 
A large part of this is distilled for its various products. 
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Tino DlS'l'IIiLATlO.V Oh' (-OAlArAK 

The S(‘pura1 if)]) of ilu^ (‘onstitiu'iiis of roalA-ar (If^pfanls 
\i})()n tlu^ wlf'C'tivf^ r(‘sult>s of fnLc.t.ional dist/illaiioii. lliis 
pi*()(*(‘ss is 1 )us(h 1 ii])on tlu‘ fiud- ihiii \vli(‘i\ a inixtiin^ of Iavo 
siil)staiu*(‘s htivinfj; dinVixaii l)()iliu|»;-p()iiits is luaiUMl, ih(' oix^ 
liavin^- tlio lowca* ))oiiiti|i;-j)()i]d, will h(‘. most (‘asily c.ouvfU’kHl 
into vapor and (‘sca.piu^ from tlu^ r(‘tort pass most rapidly 
ov(n’ into tlK‘ distilhd.fa Aflfn* tho gr<‘at(‘r part of tho lowcn* 
boiling liffuid lias passi'd ov<‘r, thou boiling’ (*oas(‘s for a tinio 
until tho tonipf^ratun* ris<\s n(*arly to tho boiling’ point of tlu^ 
s(‘(‘ond const it.u(‘nt wlaai th(‘ boiling’ n'cronumaioi's and tho 
vapor passing oven- is (!ond(‘ns(‘d and oollo(*t(^d in a socotul 
roc(‘iv(‘r. 

Jn ])ra(*tiof‘, if a niixtiin* of alisoluto ah'.ohol whirli Ixiils at. 

C, and wat<‘r bfiiling at KHT (1. wca-o distilh'd, almost 
pure' alrohol would pass ov(‘r first., tlam a niixt.iit'(‘ of aJoohol 
and watcu’, ami fnailly almost, piiri* wat.c'r. Approximat.f‘ly 
comp](‘to s(‘paration of tho mixtun^ would ro(|uir<‘ r(‘poat.(Ml 
distillation. A Sava.llc^ still in thf‘ (uisc* of alcohol will yi(‘ld 
an almost pun^ alcohol in one* or two op(‘rat.iotis. 

Tho boiling points of the substance's in (‘oabtar vary wid(*lv: 
bon/amo boils at NtP Cb and anthraomio at 370*^ (b It is th(‘r(‘- 
fore feasible* by soparating tlio elifforont frnct.ions, to sofianit.o 
thf^ constitiamts ofloctually. Thci first, fraction will contain 
difff‘ront compounds from those in tho second; tho second 
ditloront from tliose hi 1,ho third, and so on. 

Tho procc‘ss of distillation is carrienl on in omirmons 
venlieai! cyliialrical retorts eiftem eapablo of ca)nt.aining .'lo tons 
of tar for a single* operation. Tho bottom of tho still is 
comuivo upward, allowing tho heat, to penetrate the mass of 
tar and protecUnl from elireed. (lames by a curt.ain or arch 
of bricks. This prevcmt.s the* ovcn’lnniting of thc^ residuum 
and tho burning oti of a layer of coke upon the, bed.tom of tho 
still. Thci still is emtiredy onclosod in bn'edc walls to pnwemt 
radiation axiel to form passagos so that flariies nuiy pass 
are)und and half way up tho vertical height of tho still before 
escaping to the lluca 
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The capital or head of the still has an outlet pipe 12 inches 
in diameter diminishing to 6 inches where it joins the condens¬ 
ing worm. The worm may be from 140 to 200 feu^t long, 
4 to 6 inches in diameter, coiled in a tank of water, whicdi is 
allowed to become warm as the distillation progresses to 
prevent its clogging with products that am solid at the 
ordinary temperature. To further prevent clogging a stevam 
pipe enters at the beginning of the worm and the rush of 
steam melts and pushes onward any produces which may 
have solidified in the worm. 

The still is provided with a large inlet pipe, the end of which 
projects beyond the wall of the still, lest th(^ aninioni(‘al 
liquors of the crude tar in trickling down thc^ hot iron cause 
serious corrosion. The outlet pipe is at the lowest point 
of the still, opposite to the fire. A safedy valv(^ or a cover 
held in place by its own woiglit obviates any danger of 
explosion and the fire and ash pit are so protected by masonry 
that in case of an overflow the boiling tar may not be ignihul. 

A tell-tale pipe gives warning when the still is full and 
a long stemmed thermometer surrounded by nun-cuiry and iron 
filings in an iron pipe affords control of the t(aii]){‘raturo of 
distillation. A circular perforated steam pipe passers around 
the lowest part of the bottom near the outer wall and during 
the latter part of the process superheated st(*am. agitates 
the thick tar and assists in carrying off the luaivy vapors. 
A manhole gives access to the interior of the nd-ort for 
cleaning. 

Experience with thick tars has developed the use of 
mechanical agitators which stir the heavy tar ])y dragging 
around of chains over the bottom of the still. Ho successful 
has this improvement been that a run of fiftcicui distillations 
of 25 tons each is recorded without burning on of a layer 
of coke or need of interruption save as a pn^uaition. 

The process of distillation is carried on until a tcmiperaturo 
of 400° C. is attained, when about 55 per cemt of the original 
tar remains as a thick black pitch whi(‘h turns solid on 
cooling. It is thus necessary to run out th(^ pitch while 
still warm enough to flow and yet cool enough to be secure 
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against spontaneous ignition in tlie air. 

times softened by running in some of the wasW4lfe ffbmT a 
previous distillation. 

The distillate is caught in separate receivers and they are 
changed from time to time as the temperature in the still 
increases so as to keep the fractions by themselves. Uusually 
the distillate will be separated in five fractions. These 
fractions have the following technical names: 


First runnings, or “first light oil”.to 105° C. 

Light oil.to 210° C- 

Carbolic oil.to 230° C. 

Creosote oil.to 270° C. 

Anthracene oil, or “ green oil ”... .27o'^~4oo‘^ C. 


The tern pc‘rat lire at which the distillation is disccjn tinned 
depends upon whether a soft or hard pitch is desired for 
the residuum. Sometimes the distillate is caught in three 
separate portions instead of five; in that case they have the 
names and ranges of temperature givcm below: 


Light oil.to 170° C. 

Heavy oils.to 270^^ C. 

Anthracene oil.to 400"^ C. 


The first distillatc^s from the tar an^ crude mixturevs of 
various substances and thciy rcicpiire agitation with hlkalies 
and acids and s(‘veral washings with watcu’ to remove impuri- 
ti(;s. Finally they are subjcu^tcMl to rc'pciated fractional 
distillation to sc^parate the individual substaiutes in a state 
of purity. 

The first runningsand ^dight oils” yiedd bcinzene, 
toluene, and xylene: the ^dairbolic oils” give phenol, cresol, 
and naphthalene; and from ^^anthracenc oils” or ^'green 
grease” is obtained anthraccmc. 

In the further treatmemt of thci “first runnings” and ^dight 
oils” they are first subj(H;t(‘d to fractional distillation. A 
first low boiling portion (cjontaining carbon bisulphide, fatty 
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acids and acetonitrile) and a last high boiling portion (united 
afterward with the carbolic oils) are both removed. The 
middle portion is thoroughl}^ agitated with caustic soda 
to remove phenols, then with sulphuric acid to eliminate 
the bases (pyridine, quinoline), hydrocarbons of the acetylene 
and cth 3 dciie series, naphthalene, and thiophene. 

This purihed middle portion is again distilled to obtain 
so called crude benzene.'’^ From this product pure benzene, 
toluene, and xylene arc separated from one another by 
rectification in a special apparatus known as the ^'Savalle'^ 
still. 

The carbolic oils on standing deposit solid crystalline 
naphthalene. This is removed from the liquid portion by 
centrifugal machines and then pressed. The same oil can 
be made to yield more naphthalene, aftcT the removal of 
phenols by caustic soda. The crude naphthalene is freed 
from adhering phenols by washing with hot caustic soda, 
and from bases and other im})uritios l^y agitation with five to 
« ten per cent concentrated sulphuric acid: it is afterward 

washed with very dilute alkali and distilled or sublimed. 

The separation of the phc'iiols and cresol from tlu^ carbolic 
oils depends upon the fact that thc}^ dissolve in caustic 
soda forming soluble salts. The ^'carbolic oils'' arc there¬ 
fore agitated with dilute caustic soda, and the resulting 
aqueous alkaline solution drawn off from the oil has steam 
blown through it to njmove small amounts of naphthalene 
and other hydrocarbons which persist as impuriti(\s. Addi¬ 
tion of hydrochloric or sulphuric acid decomposes the salts, and 
precipitates the phenols which, afhu- sciparation from the lic^uor, 
arc subjected to fractional distillation. The phemol or car¬ 
bolic acid thus obtained ehemi(‘ally pure is a white solid 
molting at 42® C.; the three isomeric cresols form a liquid 
mixture. None of the higher phenols arc separated; but 
they arc used directly for preserving timber. 

The last distillate from the coal-tar, the so-called 'Tmthra- 
cenc oil" or green gr(‘-asc" is a thick greenish buttery mass 
which contains about ten per cent of anthraceme mixed with 
a large number of other substances which have so far been 
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fouiul of vitliir. Thf pr(H*(‘s<rs of pin’ifi(‘ul loii whc^rcby 

thc‘ |KT(*{*ntjs,i!j‘ uf ^intlinu-ciH* ii<cs lo 2-1 M) t.ln^ri 

f>() to fH), IIh'h lo sti and finally to chcinit’al pui’ity, 

arcj (‘X|)laiii<‘(l lator iin<li*r tlui h(»ud of ant hniccaita 

Thk (jixsTrrirEXTs hf (loAi/rAit 

A large* nmnbor of n{Hii|H)inids havc^ Innai isolaicHl from roal- 
tar and lhf‘ir nialliiig and Indling points asc(*rta.inn<l and 
thedr grncTuI fdianic*t«*r ni<a-c* or Ic‘ss invest igat(*d. 'riH‘y 
fall iialiirally into four diHerent c'lassc‘s: liydrocarhons, 
other iHSitral bodies, lia>es, and phenols or aei<ts. Ctf lh(*sc^ 
!>iit few are ,'<‘pariitf*d and c*nipl<n’c‘d in dye niannfat*ture; 
])y far the larger proportion are used as mixf-ures for variouH 
iinlust rial piirpo.^es. 

(‘CiXSrm'KNTS of FOAIr-TAR 
I. H vr> HOC Aina r\‘H 


Forifinliii Alfilf 

(YfitfuiylciK*. Miiid 2()*'(!. 

Hvilnicarlioiis (cthvlctif 

.. . 

IIy<lrrtcj(rl«tii,‘- fmi-tli.'iiii' 

wri'-'-i. 0„H2„42 . . 

lu-mtw . 0,iH,i 

Toliu-iic. O7HH Fltiiil II(I..T(;. 

/j-xylriif. OhHh, • U'sC. I fJ" C. 

M-sylciii*. 

7'-Kyl<‘iic. 0 .hHi„ 1.V(’. 

Styrene. OhHh Fluid lUr'C. 

MeMtyli'iic. .. “ Ki.T'C. 

F.HeuiFti'imiene. Oc,Hi;; '* 

liulelie. . , , . 0||,H^ 7'.r'<’. 21.S"(^ 

Metlix leiiplitlijilciie . . .. Oj)H}i, « “ 2Cr, /i .'(.T (1. 2l’i" 

I>il<heiiyl. . . TIT. 2."»4"<’. 

Aeeii.n|tl)ih(iii'. Il.T’C. ‘ill" V. 

O'lerene. Oi.xH,,, ll-TM’. '"I.*." C, 

rherinnlhreiic. CnHio <»!»'• ('. .'{Kt' t!. 

Flimudtihrc-iie. . , 0|.-,H,n IKfC. uImivi' .'H'lO' (1. 

Aiitlinii'eiie. OhHi,i .Til'C, 

Methylanthnici-tie. Oi/.Hi,. nlinve :»;()" (1. 
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Formula. Melting-point. Boilini^-point. 

Piyene. OigHio 149° C. 260°(()0rnm.)C. 

Chrysene. CigHja 250° C. 448° ( 1 (?) 

Ricene. C 02 H 14 304° C. 520° C. 

2 . Other Nehteax. Bodies 

Carbon disulphide. CS 2 Fluid 47 ° ( 1 . 

Ethyl alcohol. C 2 H 5 OH —130° C. (?) 78.3° C. 

Acetonitril. 0211311 -41° 0 . 81.(5° {'. 

Thiophene. C 4 H 4 S Fluid 84° (1 

Thiotolene. CgHfiS “ 113° (’. 

Thioxene. CeHgS “ 134° (!. 

Benzonitrile. C 7 H 5 N " 191° C.’ 

Phenylthio carbimido .. C 7 H 5 NS " 220° (!. 

Carbazole. CiaHgN 238° C. 351° ({ 

Phenylnaphthyl carba- 

. OigHjiN 330° C. above 440° C. 

Coumarone. CgHgO Fluid 1(59° C. 

3. Bases 

Pyridine. C 5 H 5 N Fluid 114 8 ° C 

Pyrrol. C 4 H 5 N “ 

Picoline. C 6 H 7 N “ 130° C. 

Lutidine. C 7 H 9 N “ 157° (1 

Collidine. CgHuN “ 171-172° C. 

■^dine. O 0 H 7 N — 8 ° 184° 0 

Quinoline. O 9 H 7 N “ 230° C 

Quinaldine. CtoHglT “ 0470 

^'"^Idine. CisHglT 110 ° C. above 300° c! 

4. Phenols 

Phenol. CejHeO 4 *P C. 18,‘P (j. 

o-cresol. 0711^0 31*^ (y 18<S° 

. O 7 H 8 O 36° (1 

9?2--cresol. OyilgO 4 ° C. 201® () 

^naphthol. CioHgO 95® C, 278””28() ®C. 

o-naphthol. CioHgO 122 ® C. 286° C 

Xylenols and other high 
boiling phenols. 

































CHAPTER HI 


THE HYDROCARBONS AND THEIR DERIVATIVES 

Benzene C(jHg is, when pure, a clear colorless liquid of 
characteristic penetrating ethereal odor. It is very inflam¬ 
mable and l:>urns with a smoky flame, which sends up black 
clouds of unconsumed carbon. 

The soot rising from the flame is accounted for l)y tlui 
large percentage of carbon present which is not supplic'd 
with sufficient proportion of oxyg’en from ordinary air for 
its complete combustion. Benzene boils at 80.4°; below 
5.4° it is solid. 

The illuminating power of coal-gas is partly due to benzene, 
and it was first discovered in London illuminating gas and 
not in coal-tar from which it is now largely o])tained. 

A London company in 1815 was engaged in manufacturing 
illuminating gas and sending it out to their patrons com¬ 
pressed in cylinders. In these cylinders an oily liquid con¬ 
densed, and the company submitted some of it to Faraday 
for examination. He happened just then to be at work 
upon the compressibility of gases. The result of his investi¬ 
gation showed that the new liquid consisted of but two 
elementary substances: carbon and hydrogen. The former 
was present to the extent of 30 parts and the latter 3 parts 
by weight. 

Faraday called the new body bicarburet of hydrog(m and 
gave it the empirical formula C 2 ll 2 r which at the present 
time would be written CoHo. The same oil was obtained 
later from different sources; but it was not until twenty 
years afterward, in 1845, that it was discovered by Hoffman 
in coal-tar. 

Twenty years more elapsed before an explanation of its 
structure, as written in every text to-day, was attempted. 

13 
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In 1865 Kekule proposed a formula for benzeno whic-h 
has survived more than a generation of criticism. This 
formula exhibited the positions and relations of tlui six 
carbon and six hydrogen atoms in the molecule of bcmzcmci 
CeHe. According to Kekule, each of the six carbon atoms 
is attached by two valences to its neighbor on one side, and 
by one valence to the neighbor on the other side. A glance 
at the following formula will make this clear. 

H 



Hs. /°V 

II 1 

II 1 

yO Ov 

1 

/O C\ 

h/ 

1 

1 

(i) Benzene ring 

1 

H 

(2> Benzene 



(3) Abbreviated formula 
of benzene 


The six free valences of the ring, one upon each carbon 
atom, serve as the points of attachment of the six hydrogen 
atoms, and the complete formula of benzene is shown in 
Fig. 2. 

Benzene is one of the most stable compounds; attempts 
to break up this ring and force a decomposition of tli (3 
‘molecule requires the most powerful oxidizing agents. Yc^t, 
while the six carbon atoms of the benzene ring are so diffi¬ 
cult to separate from each other, the six hydrogen atoms 
are less firmly attached to the carbon atoms themselves 'and 
they are with comparative ease replaceable by simple ele¬ 
mentary atoms: chlorine, bromine, etc., or groups of elements 
—the nitro group (-NO 2 ) or the amino group (-NII 2 ), etc. 

A formula which thus exhibits the relative positiotis of 
atoms in a molecule, as in the benzene molecule above, is 
called a constitutional or structural formula. Othen* con¬ 
stitutional formulas have been proposed by Claus, Lademburg, 
Armstrong, and Baeyer to account for some of the properties 
of benzene; but none have attained the consideration giv'cn 
to the Kekule hexagonal or ring formula. 
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Mono-derivatives of Benzene 

Nitrobenzene.— “Of all the reactions into which lionzene 
enters, that with strong nitric acid leads in importance. 
A single molecule of nitric acid acting upon a molecule of 
benzene forms, according to the following reaction, a new 
substance, nitrobenzene and water: 

OoHe + HNO3 == OoH^NOs + H^O. 

Benzene Nitrobenzene 

There is only one product known as nitrolxmzene, no matter 
how the experiment may be carricKl out. This seems to show 
that by the replacement of any one of the six hydrogens of 
benzene the result would ])e one and the sanies product. By 
a mass of other eyidence, it has been proved that all the six 
hydrogens are of equal value and that the replacement of 
any one of the six would produce the substance represented 
by the formula, 

NO2 



H 

Nitrobenzene 

For convenience of reference, the carlion atoms have been 
numbered as shown in the formula for nitrobenzene. 

With other groups or elements replacing a single hydrogen 
of benzene, the same rule holds that, e.g., only one mono¬ 
chlorbenzene or one monobrombenzonc is possible or has 
ever been discovered. Nitrobenzene is a pale yedlow liquid 
heavier than water which turns solid in the cold and melts 
at It possesses an intense odor of bitter almonds. 

Diderivatives of Benzene 

Dinitrobenzenes. —If fuming nitric acid be allowed to act 
upon benzene, then two hydrogen atoms arc’ replaced by 
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two nitro groups giving rise to dinitrobcnzcne of the empirical 
formula C6H4(N02)2- Not one/only, but three clinitroben- 
zcnes are formed, and all possess the same empirical formula. 

If we examine Kekule’s formula for benzene, we may 
understand why there arc three and no more. 

In the following formula, 


NO2 


H- 


A\ 

-C» —NO2 

II I 

-C 5 ;iCH 


Ortho dinitrobenzene 


if we suppose one niti'o group to replace the hydrogen atom 
at 1 and a second hydrogen at 2 we shall have what is calkul 
orthodinitrobenzene. The nitro groups are upon neigh¬ 
boring carbon atoms, and, if the groups were in the position 
2 and 3, or 3 and 4, or 4 and 5, or 5 and G, or G and 
1, they would still be attached to neighboring carbon atoms 
and they would still form one and the same orthodinitro¬ 
benzene. 

If the nitro groups replaces the hydrogens in position 1 
and 3, or 2 and 4, or 4 and 6, (dc., then the resulting com¬ 
pound is known as metadinitrobenzene, represented in the 
following formula: 


NO2 

/K 

HCO ^C—H 


HCs sC—NO2 
H 


Metadinitrobenzene 


Lastly, when the substituting nitro groups take positions 
1 and 4, or 2 and 5, or any other positions which are opposite 
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to each other, the resulting product is paradinitrobcnzene 
as shown below: 

NO2 

I 

/K 

H—06 2 0—H 

11 I 

H—05 sC—H 

I 

NO 2 

Paradinitrobenzene 

Substances like the dinitrobenzcnes which have the same 
empirical formula but a different constitution, are called 
Isomer,s, and they are said to be Isomeric with one another. 
The same atoms and the same numl)er of each kind are 
present in all three. Differences of striu^ture alonci account 
for thcnr being differcmt substances. The 0 - and ?? 2 -com- 
pounds are colorless, while the m-compound is pale yellow. 
All are crystalline solids. What has been said in reference 
to the number and structure of tln^ dinitrobenz(mes applic^s 
with equal force to all diderivatives of Ixmzene, o.g., dichlor- 
benzenes, or dibrombenzenes or dimethylbenzemes, etc. 

Triderivatiyes of Benzene 

If three hydrogens of the benzeme ring arc replaced by 
three nitro-groups, then, too, there are three triderivativc'S, 
or three trinitrobenzenes. They are represented as follows: 


N02 

NO2 

N02 


A 

A 

\yNO 2 

IJn02 

02nI^^N02 

(V) Vicinal 

N02 

(S) Symmetrical 


CA) Asymmetrical 


Here then, are three isomeric triderivativcis of benzene. 

If the three groups are unlikci, then a largcu* numb(;r of iso¬ 
mers is possible. With thci substituting groups all alike, there 
arc three tetra, one penta, and one hexa derivative of benzene. 
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Toluene, CqH^CH^^, is so named from tolu l)alsam^ whence 
it was ol)tained l)y dry distillation. Cominorcial toluene 
is o])tained fi’om coal-tar. It may be rogaixled as ])enzene 
in which one h 3 ^drogen atom has been replaced by the methyl 
group --CH 3 . Indeed, this methyl group may be placed 
synthetically in the benzene ring by the following reaction: 

OGH5Br + OH3I + 2Na = +- NaBr +• Nal. 

Benzene bromide Toluene 

Toluene may therefore rightly be called m(^thylb(mzene 
or phenylmethane. It is a colorless mobile liquid boiling 
at IKE and it remains liquid at —2(E. At 15° it has a specdfic 
gravity of .870. Toluene is very susccqotible to the action 
of a large number of reagemts forming many important 
substitution products which will be studied later. 

Only one toluene or methylbenzene is theoretically possible 
or has ever been discovered. 

Oxidizing agents attack toluene in a peculiar and interest¬ 
ing way. The ring portion of the molecule remains intact, 
the methyl group alone undergoing oxidation as shown by 
the reaction: 

0(;H50H3 + 30 = CfjHr^OO.OH + H 2 O. 

Toluene Benzoic acid 

The oxidation product is benzoic acid, a carboxyl derivative 
of benzene. 

Xylenes, C(iH4( 0113)2. When two hydrogem atoms in the 
benzene ring are replaced by methyl groups, the xylenes 
are formed. Of these, three are possible and all ani known. 
The three isomeric xylenes have the same formula, 05113 ( 0113 ) 3 ; 
but they are distinguished from one anoth(u- hy th(‘ positions 
which the two methyl groups occupy in the ring, as shown 
in the following structural formulas: 


CHg 

0 H 3 

0 H 3 

A-CH3 

X 

A 

\y 

\d 0 H 3 

\/ 

Orthoxylene 

Metaxylene 

0 H;j 


Paraxylene 
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That portion of the light oil from coal-tar which boils at 
140° contains a mixture of the three xylenes, but the meta¬ 
xylene is present in the largest amount. They all have 
nearly the same boiling point, so they cannot be separatcnl 
from each other by fractional distillation. An intercisting 
and indirect method of overcoming this difficulty consists 
in boiling commercial xylene; with dilute nitric acid whem 
the ortho- and paraxylene become oxidized to the correspond¬ 
ing xylilic acids, the metaxylene remains unacted upon. 
By treating the mixture with caustic soda, the acids are 
removed in the form of their sodium salts, and the meta¬ 
xylene is obtained pure. 

Pure paraxylene may be obtained according to Levinstcun 
when the commercial xylene is distilled with steam. The 
crystals of paraxylene which separate on cooling the first 
portion of the distillate are pressed and redistilled. 

By Jacobsen\s method, all three isomers may be separated 
from xylene by shaking with strong sulphuric acid. The 
paraxylene is not affected; but the ortho- and nudaxykine 
are converted into their sulphonic acids: the sulphonic 
acids are them changed into their sodium salts and these are 
separated from each other by crystallization. 

Distillation of the salts with ammonium chloride regen¬ 
erates ,the hydrocarbons. 

Orthoxylene forms a colorless liquid boiling at 142°. It 
constitut(;s from 2 to 15 per cent of commercial xylene. 

Metaxylene boils at 139°. It is a colorless liquid having 
a specific gravity of .8(SG8 at 15° and is present from 70 to 
87 per cent in commercial xyleme. 

Paraxylene is present from 3 to 10 per cent in commercial 
xylene. It is a colorless liquid which crystallizes at 15° 
and boils at 138°. From 3 to 10 per cent of paraffine hydro¬ 
carbons are also present in ordinary xylene. Formerly, 
use was made of it as a solvent by the name of solvcmt 
naptha but the manufacture of the azo-dyes rciquires largo 
quantities of it to be converted into xylidine and eumidine. 

Naphthalene, OioH^. The structure of naphthalene has 
been proved to consist of two benzene rings attached to 
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each other, so that two neighboring carbon atoms arc 
common to the two united rings, as shown in the follow¬ 
ing structural formula: 



H H 

Naphthalene 



Abbreviated formula 
of naphthalene 


The prooi that this is the structure of naphthalene depends 
upon a careful study of the reactions which arc capable of 
producing naphthalene from other substances and also of 
those in which naphthalene is decomposed, forming other 
new substances. The line of proof is of such inten^st and 
clearness and so conclusive that it will be stated in d(‘taiL 
First by energetic oxidation of naphthalene, phthalii^ 
acid is obtained—this is a benzencdicaiLoxylic acid; the 
two carboxyl groups are further knowm to be attach{‘d to 
carbon atoms in the benzene ring which are in neighboring 
positions. This shows clearly that one benzene ring at 
least is contained in the molecule of naphthalene, as shown 
in the following structural formula: 


CO. OH 


l^^OO.OH 

Orthopbthalic acid 

How may it be further shown to contain a second benzene 
ring? By allowing nitric acid to act upon naphthahuu^; 
one nitro group replaces a hydrogen atom of naphthakme 
and forms nitronaphthalene. 

By oxidation of this nitronaphthalene nitrophthalic acid 
is formed. This fact alone is of little assistance, unh'ss it 
is coupled with the following, viz., if nitronaphthalene 
is reduced, the nitro group loses oxygen, gains hydrogen and 
aminonaphthalene results. Now an interesting difference 
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from niti’onaphtlialcnc is shown wlioii aiuinonaplithnlrno 
is oxidized; for oxidation produoos simply phtlnilio arid 
in place of nitrophthalir acid. Boos this not show that the 
portion of the malecnle containing' tlio nitro group was in 
the form of a benzene ring? 

In the second oxidation the nitro group converted to 
amino-group was dcsti'oyed, yet producing phtlialic ac.i<4 
leaving us to draw but one conclusion, that thc^ other part 
of the molecule not containing tlic^ nitro or th<^ amino group 
also had the form cj>f a benzeuK^ ring. The following in(li(uit(‘^<l 
reactions will clarify these ideas: 





nitronaphthalene 


35irH:2 



Acnido naphthalene 


KO 2 

HO-OCy\ 

Oxidation 

HO-Ocl^ 

Nitrophthalic acid 


Oxidation 


/\ 


CO. OH 


Phthalic acid 


CO. HO 


For conYcnicnce in designating the derivatives of naphtha¬ 
lene the carbon atoms are either immlicred or lettered as shown 
in the following diagram. 


/8\/l\ 

7 2 

6 3 

N5/W 


a' a 

/N/\ 


\/\/ 

a a 


/? 


All four of the positions lettered a or 1,4, 5, (S, are of 
equal value when any one. of those four hydrogens is rciplaeed 
by a substituting group. Likewise the four positions lettered 
/? or 2, 3, 4, C, 7; are of e<iual value in a similar inanruM’. Two 
monoderivatives arc therefore possible in naplithaloiio instead 
of one as in benzene. 

If an —OH group enter any one of the a positions, or each 
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one in turn, only one substance a-naphthol will result, and 
if any B position is occupied then /^-naphthol is formed and 
nothing else. This method of designation is sufficient for 
mono-derivatives of naphthalene, but not when there are two 
substituting atoms or groups of atoms. 

When both substituting groups are present in the molecule, 
it becomes necessary to distinguish the letters from one 
anotlier, and this is done ])y numbering the letters as shown 
in the diagram below. 


^4 a I 



as a2 


If two chlorine atoms, for example, in dichlornaphthalene, 
are in the same ring, then the two letters are joined by a 
single line: orthodichlornaphthalene CioH( 3 Cl 2 (ni— pi); the 
metadichlornaphthalene CioH 6 Cl 2 (a'i— P 2 ) ^nd paradichlor- 
naphthalene CioH 6 Cl 2 («i— 0 : 2 ). 

If the two chlorine atoms are in different rings, then the 
letters are joined by a double line CioHtjCl 2 (a:=o:) or 
(a=p)j etc. 

The possible number of substitution derivatives, of naphtha¬ 
lene, when the atoms or groups are all alike, will be two 
monoderivatives, ten biderivatives and fourteen trideriv¬ 
atives. When the substituting groups are different, the 
number of isomers is much larger. 

For representation of the structure of the more complex 
derivatives of naphthalene, numbers alone are also often 
used to show the exact position of the substituting groups, 
as in the following diagram: 



For example ^-naphthylamine disulphonic acid 
CioH5(NH2)(S03H)2 2:3:6 
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is easily distinguished if it be borne in mind that the num¬ 
bers are in the same eonsecutive order as the substituting 
groups which are (mclosed in th(' parenthost^s, then the above 
compound would have the following structure: 


HO3S 


/8\/l\ 

7 2 

f) 3 


NHa 

SO3H 


/?-naphthylamine 
disulphonic acid 2:3:6 


Naphthalene was discovc'red in coal-tar l)y Carden in 1820, 
but its gn'at importance did not appear until the intro¬ 
duction of the azo dy(\s. It is contaiiu'd in that part of coal- 
tar which on distillation pass(\s ov(‘r bed-ween ISO and 200^. 
The purification consists in crystallization, pn^ssing, washing 
with caustic soda and sulphuric acid solutions and distil- 

ling. 

Naphthalene forms lustrous whiter monclinic plates. The 
crystals melt at 79.2° and thc^ licpiid boils at 210.0°. The 
odor is pleasant and suggests coal-tar. It is volatile wit-h 
watca- vapor and it sublimes easily. A familiar form is 

moth balls for donuistic use. Large quantities of naphtha¬ 
lene are consumcHl in the manufacture of the oxyazo dyes, 
and of late for the s^mthesis of indigo. 

Anthracene, is obtaimui from coal-tar and it is 

prep>ared in large quantity from those portions whicih pass 

over between 340 and 300°. It is much more difficult to 

purify than naphthakme. Thci first distillate callcHl anthraccuu) 
oil or “ green oil contains but 10 pcir c(mt of anthra(Uine, thct 
remainder being made? up of otluu' solid hydrocarbons, such 
as paraffine, pluuianthreiH', carbazol and chryscuui tog(‘ther with 
liquid oils of high boiling-points. By cooling, the solid matter 
crystallizes and is separated from the li(piid portion by the 
filter press or centrifugal machine. The crystalline mass 
is pressed in (uinvas bags in a hydraulic press at a temper¬ 
ature of 40°. The crude product from the press contains 
30 per cent anthracene. It is j)ulverized and washed free 
of the light oils by creosote oil or solvent naphtha. It is 
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then pressed again. This washing dissolves many (*.ontam- 
inating substances but fails to remove caiLazoL 

These washings leave l)ehin(l a diminished product in which 
the anthracenes has risen to 50 per cent. In this condition 
it is sold to the alizarine manufactunn*. 

To purify it further, it is washed with a caustic potash 
solution to take out the carbazol and them sublinual in an 
atmosphere of supcu’heated steam. 

Anthracene forms colorless plates whi(^h when very pure 
have a slight violet fluorescence. It mc'Its at 213° and boils 
at a])Out 3G0°. Ale^ohol ether and bcmzene dissolve it spar¬ 
ingly, but the best solvent is hot Ixmzc'ne. With picnic acid 
in it benzene forms the picrato Ci 4 Hi()Cf;H 2 (N() 2 ) 2 DH which 
crystallizers in shining red ru'crdles meeting at 170°. Anthracenu^ 
is used extensivcily for the manufacd-urc' of tlic^ alizarine' dyc'S. 

Halooen Compounds of the Hydrocarbons 

When chlorine, bromine or iodine act upon a hydrocarbon, 
benzene for example, a hydrogen atom is takc'n away and n. 
halogen atom substituted. These products are cnilk'd su])sti- 
tution derivatives of ] 3 enz(me. For eveny two atoms of a 
halogen acting upon benzene, only one l)(‘(*om('s attachc'd 
to the benzene ring, the other is rerquirerd to remove the 
hydrogen atom by combining with it to form hydrochloric 
acid, as shown in the reaction: 

CoHg + CI2 = C6H5CI + HOI. 

Monochlorbenzene, C6H5OI. In most cases, the halogen of 
the least atomic weight is most energetic, and in the order 
of their activity they should be arranged, chlorines, bromine, 
iodine. 

In the case of methyl benzene (toluene), C 6 H 5 CH 3 , there 
are two points of attack for chlorine; for example: When 
chlorine is passed into cold toluene, it replaces hydrogen only 
in the benzene ring, forming C 6 H 4 CICH 3 , C 6 H 3 CI 2 CH 3 , etc., 
but if the chlorine be passed into boiling toluene, then it is 
found that only the hydrogens of the methyl-group are 
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replaced, and we obtain CGH 5 CH 2 CI, CGH 5 CHCI 2 , etc., 
bodies with very different propendies from those formed in 
the cold. 

The following halogen derivatives are of most commercial 
importance: 

Benzyl Chloride, CGH 5 CH 2 OI. This compound is formed 
by leading chlorine on to the surface of the boiling toluene 
until it has increased in weight 38 per cent. After washing 
the product with water, it is separated by fractional distilla¬ 
tion from any unchanged toluene and from benzylideno 
chloride and benzotrichloride, which are simultaneously 
formed. It is a colorless Ikpiid of pungent odor which has a 
specific gravity of 1.107 at 14° and a boiling point of 178°. 
By boiling with water and more easily with a solution of K 2 CO 3 
it is conveuted into benzyl alcohol, CGH 5 CH 2 OH. 

Benzylidene Dichloride (l^enzal chloride^, C()H50H0l2, is 
produced by ])assing chlorine into boiling tolueiu'. It is a 
colorless oily liquid having a specific gravity of 1.25 at 15° 
and a boiling point of 206°. 

Benzotrichloride, C0H5CCI3, is also formcid like the two 
preceding compounds by passing chlorine into boiling toluene: 
of course the action of the chlorine must continue longer. 
Its specific gravity is 1.38 at 14° and it boils at 214°. This 
compound and the last are formed simultancK^usly and in 
practice an^ not separated, l)ut the mixture on heating with 
milk of linui ykdds IxmzakUEyde and bcmzoic add. The 
fornun* (;oming from the bcnizalchloride and the latter from 
the b(;nzotrichlori(l(i as follows: 

C6H5CHOI2 + Ca02H2 = CGHr,CHO + Ca0l2 + H2O, 

Benzalchloride Benzaldehyde 

2 O 6 H 5 CCI 3 + 3Ca02H2 = 2C6Hr,CO-OH + 30aCl2 + 2 H 2 O. 

Nitrodkktvatives of the Hyduocakbons 

Nitric acid acts upon the hydroctarbons producing not 
nitrates but iiitro-compounds. Th(} acid nunovc^s hydrogem 
and in its place affixes the nitro-group —NO 2 or — 
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The importance of the nitro bodies is very great, both as 
intermediate products assisting later in making dyes and 
as -actual dyes themselves. Dilute nitric acid has only an 
oxidizing action; strong nitric acid substitutes. When the 
most vigorous action is desired fuming nitric acid is employed, 
sometimes alone, sometimes with concentrated sulphuric 
acid. The latter acid simply taints up the water formed 
in the reaction which otherwise by diluting the nitric acid 
would diminish its efficiency. The reaction for the nitration 
of benzene is shown here: 

r 

CoH(j + HNO3 = OBH5NO2 + H2O. 

Benzene Nitrobenzene 

Sulphuric acid is almost always used with nitric acad in 
manufacturing nitrobenzene: on a large scale 120 parts of 
nitric acid of specific gravity 1.4 and bSO parts of concentrated 
sulphuric acid are carefully mixed and allowed to flow slowly 
with agitation into 100 parts of Ixnizene (thus, by kcioping 
the benzene in excess, avoiding the formation of dinitro- 
benzenc), keeping the temperature below 25° until most of 
the acid mixture has b(;cn added, letting the temperature 
rise finally to 50°. In practice the operation is carried out 
in jacketed cast-iron cylinders provided with mechanical 
stirrers and cooled by a stream of water flowing around 
them. 

If it is desired to form the di- or trinitrobenzene instead 
of the simple mononitro compound, tlnm the benzene is 
allowed to flow into the mixture of the nitric and sulphuric 
acids. 

The nitro compounds of ])enz(}ne are (4th(‘r yellow or nearly 
colorless; sometimes they are oily liciuids, at others crystalline 
solids. If by reducing agents in an acid solution, the oxygen 
of the nitro-group is removed, them hydrogen replac(3S it at 
once and an amine is formed. No rc'.action in dye manu¬ 
facture is carried out upon so large a commercial scale as that 
of reducing nitrobenzene to aniline. 

If instead of an acid solution, an alkaline one be employed, 
then the nitrobenzene is not converted at once to aniline 
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but a series of intermediate azox}^, azo, and hydrazo com¬ 
pounds are formed and eventually aniline. 

The yield of nitrobenzene from 100 parts of benzene is 
150 to 152 parts, thus almost theoretical. 

Nitrobenzene is a yellowish oily liquid with an odor 
resembling benzaldehyde. As a perfume, it was formerly 
used as essence of mirbane, though of late years its poison¬ 
ous qualities have lessened, the demand. It boils at 206-207° 
and turns solid on cooling, forming needle-shaped crystals 
which melt at 5°; the specific gravity is L20cS. Water does 
not dissolve it, ])ut alcohol and ether dissolve it easily. 
Nitrobenzene is itself a good solvent for many substances. 
Nitrobenzene is principally used for the manufacture of 
aniline;. In commerce it is known as iiiti'obenzole for 
blue ” or nitrobenzolo for red the first is principally used 
in the manufactun; of aniline for blue, and black and indulinc; 
the latter is used in preparing aniline for magenta. Heavy 
nitrobenzene consists chiefly of nitrotoluenc and nitro- 
xylcnes, little true nitrobcmzem; being present. 

Dinitrobenzenes, C5H:4(N02)2- Theoretically, there arc 
three isomeric dinitrobenzones; all arc manufactured from 
benzene by the action of strong nitric acid upon benzene 
or nitrobenzene. The meta-cornpound is formed almost 
exclusively, little of the ortho or para dinitrobcnzenc resulting 
from the reaction. 

Metadinitrobenzene, CgH4 (N02)2, is made commercially 
by allowing 70 parts of nitric acid of specific gravity 1.428 
and 100 parts of strong sulphuric acid to run into benzene 
well agitated, ke(;ping the temperature at 70° at the begin¬ 
ning and allowing it to reach 100° at the end. The resulting 
product on pouring it into water turns solid, and then it is 
thoz'oughly washed. 

The pure metadinitrobonzene, easily obtained from the 
commercial article by recrystallizing from alcohol, forms 
almost colorless needle-like crystals which molt at 89.8°: 
the resulting liquid boils at 297°. This diiiitrobenzene is 
chiefly employed in the manufacture of phcnylcncdiamine, 
which is required for Bismarck brown. 
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/CH3 

Nitrotoluene, C6H4<f . The two isomers ortho- 
\N02 

paranitrotoluene are formed simultaneously when 105 juirt 
of nitric of specific gravity 1.4 and 175 parts of stroiij 
sulphuric acid are run slowly into 100 parts of well agitiitcu 
toluene which is carefully kept below 20°. 142 parts o 

nitrotolucne are produced of which about 63 per cent is orthu 
35 per cent is para and 2 per cent is rnctanitrotolucuK^ 
These may be separated by distillation best under diminish(‘C 
pressure. If the distillation is stopped when 40 per c(ur 
have passed over, the distillation is almost pure orthoniiro 
toluene. The residue on cooling yields crystals of pura- 
nitrotoluenc which arc freed from adhering oils by centrifuging 

yOHs ( 1 ) 

Metanitrotoluene, CgH2<^ has a melting-point oi 

\N02 (3) 

1G° and a boiling-point of 230-231°. 

,CH3 (1) 

Orthonitrotoluene, CoH 4 <" is a licpiid and boils 

^N02 (2) 


at 223°. 


Paranitrotoluene, 

at 238°. 


/CH3 (1) 

CgH 4 <' melts at 54°, and 

^N02 (4) 


boilH 


yCHs 

Dinitrotoluenes, . The most important 

^(N02)2 

isomer of the four theoretically possible dinitrotoluenoB iB 

/CH3(1) 

the alpha compound, 0 gH 3 ^NO 2 (2). It is prepared in 

\n02 (4) 

thp same manner as nitrotoluenc except that the acid mixture 
is hot. It forms long yellowish needles which melt at 00®. 

Nitroxylenes, C 6 H 3 ( 0 H 3 ) 2 NO 2 . Of the six isomeric nitro- 
xylenes which according to the theory may be formed, one 
is of especial technical importance, and this is the alplia- 
metanitroxylene, CeH3(CH3)2N02 *1:3:4. A mixture of 90 partB 
of nitric acid of specific gravity 1.4 and 150 parts of strong 
sulphuric acid is run into 100 parts of metaxylene, rapidly 
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agitated and kept below 17° until most of the acid has been 
added. It is a light yellow liquid boiling at 245° and having 
a specific gravity of 1.126 at 17°. The product sold in com¬ 
merce is usually • a mixture of isomers having nitrometa- 
xylene as its chief constituent. Without separation the 
product is converted into xylidine. 


NO2 



Nitronaphthalene, C10H7NO2 

Ritronaphthalene is prepared by sprinkling 250 parts 
finely ground naphthalene slowly into a mixture of 200 
parts of nitric acid of specific gravity 1.375, 200 parts of 
concentrated sulphuric acid together with GOO parts of acid 
from previous nitrations. The mixture is kept couvstantly 
agitated and at a temperature from 45° to 50°. When the 
mixture has become cold, the nitronaphthalene forms a 
solid cake from which the acids arc run off. The solid product 
is washed with hot water, and if wanted (piite pure it is melted 
with one-tenth of its weight of solvent naphtha,^' filtered, 
and the crystalline cake formed on cooling is subjected to 
hydraulic pressure. 

It forms long fine needles which melt at 61° and boil at 304°. 
Alcohol and benzene dissolve it easily. 

i7AB 







CHAPTER IV 


THE HYDROCARBONS AID THEIE DERIVATIVES— 

Conti nued 


Aminodjerivatiyes of the Hydrocarbojns 

The entrance of nitrogen into tlic hydrocarbons brings 
them at once nearer to the rank of dyes. Of all the compounds 
of nitrogen known to the dye manufacture, nono are of so 
great importance as the aminos. These bodices may Ixi 
regarded as substituted ammonias: a molecule of aniinoiiia 
(NH 3 ), in which one, two, or all three of the hydrogen atoms 
may he replaced by organic radicals, forms an arriiiu;. In 
the amine, the character of ammonia is retained to a large 
degree; the amines form salts with acids the same as ammonia 
itself. 

The amines divide themseWes into three classes, according 
to the number of hydrogen atoms which have been replaced. 
Primary amines have one hydrogen replaced, secondary two, 
and tertiary three. The following structural formulas show 
the relations of the three classes to each and to ammonia: 


\h \h 

Ammonia Phenylamine 

or aniline 
(Primary) 


\h 

Diphenylamine 

(Secondary) 


yCoHj 

N^C„H5 

NCoHs 

Triplienylamine 

(Tertiary) 


In the place of phenyl (—C 5 H 5 ), any other organic radical 
may be substituted: e.g., methyl (—CH 3 ), ethyl (—C 2 H 5 ),etc. 

The group —iH 2 occurring in the primary amines is known 
as the amino group. Aniline is often called cither amino- 
benzene or phenylamine. The group (=NH) of the secoadary 
amines is known as the imino group. 
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Nitrogen in these compounds is always in combination 
with carbon and hydrogen. 

The entrance of two or three amino-groups into the same 
benzene ring gives rise to primary diammes or triarnines^ e.g., 
C6H4 (NH2) 2 phcnylene diamine; C6H3 (NH2) 3 triaminobcnzeiui. 

The nitro compounds of the hydrocarbons of the aromatic 
group generally form the starting point for the amines. 
Reduction of the nitro-group by nascent hydrogen produces 
the amines directly, 

C0H5NO2 -h 6H = C6H5NH2 + 2H2O. 

nitrobenzene Aniline 

The ruiscc^nt hydrogen may be produced in a variety of 
ways: 1. By hydrochloric acid acting on either tin or iron. 
2. By acetic acid on iron. 3. By hydrogen sulphide acting 
upon nitro compounds in ammoniacal solution. 

Iron and hydrochloric acid are chiefly employed on a 
manufacturing sc^ale for complete reduction, while partial 
reduction is effected ])y hydrogen sulphide. 

Aniline, C(jH5NH2. Aniline was discovered many times 
by independent investigators and it received a different 
name from each discoverer. Unverdorben first discovered 
it in 1826 by the dry distillation of indigo, and named it 

crystallinebecause of the marked crystallizing power 
of its salts. Runge obtained it from coal-tar in 1834 and 
named it cyanolc from the ])luo color it yields with a solution 
of bleaching powder. Zinin prepared aniline in 1841 by the 
action of ammonium sulphide on nitrobenzene and called 
it benzidarn.” In the same year, Fritzsche in distilling 
indigo with caustic potash, obtained a base which he called 
aniline, from anil, the Portugese name of indigo. A. W. 
Hoffman in 1843 proved that all these four were one and the 
same substance which we know to-day as aniline. 

Aniline was the first substance to be transformed into a 
dyestuff, w^hen in 1(S56 Perkin heated it with sulphuric acid 
and bichromate of potash, obtaining the celebrated mauve, 
used until the end of the last reign for coloring the English 
postage stamps. 
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Aniline is present in coal-tar, hut in qiiantiti('S too small 
to pay for extracting it. It is inaniifacturetl l)y r(‘(lucing 
nitrobenzene with hydrogen which is evolved from iron filings 
and one-fortieth the anioiiiit of hydrochloric acid recpiircd 
by the following equation. 

C(5H5N02 + 2Fe + 6HC1 = + 2FeCl;i + 2 H 2 O. 

This interesting process, wlnunby a certain amount of 
hydrochloric acid may accomplish forty tiriu^s th(‘ amount of 
chemical work that would ordinarily b(‘ (^\p(‘ct.(‘d of it in 
transforming iiitrob(uiz(me into aniliiuq may bo (‘xplainod as 
follows: 

The first a(Tion of iron filings, hydrochloihi acid, and 
nitrobenzene would appear thus: 

(1) 0(jH 5N02 -f 3Fe + 6H01 = 

C(;Hr,NH 2 + SFeCL + 2 H 2 O. 

Then thci feu’rous chlorhU^ naicting with mon^ mud would 
become fej-ric chloride and furnish more of th(‘ re(|insit(‘ 
hydrogxm for the reducdlon of anotiuu- mokamle of nita*o- 
bcmzcne: 

( 2 ) C 6 H 5 NO 2 + 6Fe0l2 + 6HC1 = 

C0H5NH2 + 6FeOL + 2H2O. 

Thc^se two reactions would contimui as long as Ihci fn*(^ 
aend lasted which would not be for long; bec^ause tlu^ anilimi 
formed would begin to exhaust it by uniting with it producing 
aniline hydrochloride Cf}Hr,NH 2 * IKd. 

This aniline hydrochloride, howewer, in the pniH<mc<‘ of 
nitrobenzene and iron behaves exactly as hydrochloric, acid 
and the aniline is set free: 

(3) 6C(iH5NH2-H01 + 3Fe + CcjHr,H02 = 

7C0H5NH2 + 3 FeCl 2 + 2H2O. 

(4) 60(jH 5NH2-HC1 + 6FeCl2 + OoHr,N02 = 

6 O 0 H 5 NH 2 + C 0 H 5 NH 2 + 6 Fe 0 l 3 4 - 2 H 2 O 
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The molecules of aniline set frc^o, to^’ether with the ou(‘ 
formed simultuiioously from the molecule' of iiitrol)enzenej thc'ii 
react with the ferric chloride and watc^r, reforming aniline 
chloride and turning the iron salt into an oxide: 

(5) 6 C 0 H 5 NH 2 + 2FeCl3 +. 3 H 2 O == 

60 gH 5 NH 2 -HC 1 + Fe 203 . 

The aniline hydrochloride is again ready to act upon iron 
filings as in reaction (3) setting morc^ hydrogi'ii free to a(*t 
upon another niolocuk'. of nitro}3(nizene. 

According to the theory, th(n-efore, the reactions (3), (4), and 
(5), may repeat themsetves iiuk^finitely. A small amount 
of hydrochloride acid to bring th(^ proca^ss up to this phase 
is all that is needl'd, and with additional iron filings and 
water is thus alile to transform an unliniitc'd (quantity of 
nitrobenzenii into anilines 

Aniline is a colork'ss oily liquid, of a piu'ailiar odor, whic'h 
turns brown on exposure to light and air. Watiu* will dissolves 
a])out 3 per ccait, and aniline in turn takes up 5 pi'r ci'iit of 
water. It has a specific gravity of 1.0201 at 15° and boils 
at 1S4°; when once solidified by cold it nu'lts at 8°. 

Aniline mixes in all proportions' with alcohol, ether, and 
many other ordinary solvents, and it is itself a solvent for 
indigo, sulphur and phosphorus. When taki'n internally 
the oil, which has a burning taste, is poisonous. The vapor, 
when inhaled, acts similarly, causing a dangerous illness 
(anilisme), which is not uncommon in aniline works. Aniline 
has no action on litmus. 

Ammonia expels aniline from its salts in the cold, but on 
heating ammonium salts with aniline, ammonia is set free', 
because of its greater volatility. Aniline is easily affectcul 
by oxidizing agents: the resulting products being of great 
importance to the dye industry. A solution of bleaching 
powder causes a solution of aniline to assume a violet color. 
A drop of aniline added to sulphuric acid and a littki 
potassium bichromate produces first a red color and finally 
a deep blue. 
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Commorcial aniline oil appears in commerce in four 
different grades which arc' known as, 

1 . Aniline oil for blue and black; 

2 . Aniline oil for red (nuig’onta); 

3. Aniline oil for safranine; 

4. Liquid toluidine. 

The first contains almost pure aniline, that for red is made 
up of 30 per ccuit aniline, 35 per ccmt orthotoluidine, and 
35 pea* cent })aratoluidine; that for safranine contains varying 
amounts of aniline and orthotoluidine. Liquid toluidine is 
a mixture', of ortho- and ])aratoluidin(‘. 

Aniline is a basic comj)oiuul and easily forms salts with 
a-cids. As a derivative' of Ik'h/a'iic it may be regarded as 
amiuob('nz('iu‘: as a de'iivative of ammonia, it is lookc'd upon 
as phemylamine. Siiie^.' aniline exhi})its the propertic's of 
l)oth bc'.nze'iie and ammonia, a gooel undcu’standing of the 
rc'action of which it susceptible requires that both aspects 
should b('. constantly kept in mind. 

Aniline Salts. If a few drops of any of the common 
minc'ral acids arc brought into contact with aniline upon a 
watch glass, solidification to a white opaque mass instantly 
results wdth the formation of a salt. 

Aniline Hydrochloride, C6H5NH2HCL Of all the aniline 
salts the hydrochloride is most important. The nitrogen 
ill anilines is trivalcmt and in the aniline salts it hecomes 
pentavalcrit and the formula of the hydrochloride may be 
rcqiresented graphically thus: 


CgHsKy H or thus 
H 

"■^Cl 

Aniline hydrochloride 

Pure aniline (100 parts), with concentrated hydrochloric 
acid (130“135 parts) is mixed in strong stoneware vessels. 
The salt is allowed to crystallize out and it is freed from the 
mother liquors by centrifugal force. Aniline hydrochloride 


.C0H5 

H 

Xci 

Aniline hydrochloride 
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forms colorless crystals easily dissolved b}’' water and alcohol, 
which sublime at 192° C. It is largely ui^ed in tlic'. dyOng 
and printing of aniline black. 

Acetanilide, OcH.^NH* C2H3O. If aniline is simply mixed 
with glacial acetic acid, aniline acetate is formed. This salt 
breaks up on boiling for some hours, water is eliminated and 
acetanilide results: 

CeH5NH2-C2H402 = CoH.^NHfCoH^O) + H 2 O. 

Aniline acetate Acetanilide 

This substance is th(‘ antihdnin of medicine which is used 
as an antipyretic and aiitirheuniati(‘. It forms colorh'ss 
crystals which melt at 112° (t and tlu^ rt^sulting litiuid boils 
at 295° C. Ac(d4inili(D wms iis(h1 in tli(‘ manufacturer of 
flavaniline. 

DiAMINOHENZENES, CoH4(NH2)2 

Just as the singhr nitro group of nitrobcaizene is reduced 
by nascent hydrogen to an amino group, th(u*eby forming 
aminobenztme or aniline, so thtr ])airs of nitro groups in the 
dinitrobenzenes are likewise^ reduced ])y hydrogx^n to amino 
groups. Three dinitrobernzeuK'S are known and l)y rcrduction 
with iron and hydrocrhloric acid, three cornrsponding diarnino- 
benzenes arc formed. 

Metadiaminohenzene. Of these thre^e compounds the iru'ta- 
diaminobonzene is the most important, and it is formerd by 
the complete reduction of ordinary (meta) dinitrol^cn/anu^ 
It forms colorkrss crystals which imdt at ()3° and boil at 2cS7°. 
By easily dissolving in water, it is distinguished from dinitro¬ 
benzene from which it is mad(^. MetadiaminolxmzcuK^ is 
employed for the manufacture of (dirysoidine and Bisrnare.k 
brown. 

Paradiaminohenzene or metaphenylcncdiamine is not made 
from the corresponding paradinitrobenzone but from para- 
nitroacetanilide by reduction. It is a crystalline substance 
which melts at 147° 0. and dissolves easily in water. If it 
is melted with sulphur, then a thio-compound is formed 
which gives b}’' oxidation Lautlds violet. 
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/CH 3 

AmINOTOLUENES or ToLUIDINES, CGH4<f 

Three isomeric toluidines are known. They resemble 
aniline very closely and they may be obtained from the three 
corresponding nitrotoluenes. However, on treating toluene 
with nitric acid, chiefly ortho- and paranitrotoluene are 
formed and very little of the meta eompound. H(aice, l)y 
reducing the nitrotolucmos to aminotoliumes or toluidines 
only th(^ oi'tho and para derivatives are formed to any extent. 
From its scarcity and high cost, the metatoluidim^ is not 
employed in dye manufacture. 

The orthotoluidine is separatcnl from the paratoluidine by 
treating the mixed bases with sulphuric acid insufficicuit to 
fulty neutralize them and thcui distilling. The strong(T 
l^ara base remains bcLind as sulphate. 

According to another method, the mixture of l)ases is 
neutralized with hydrochloric acFl and mixed with an excess 
of sodium phosphate'. Tlu' mass solidifies to a crystalline 
paste which dissolves on he'ating; the’: orthotoluielino floats 
as an oily layer on the surfae:e anel is removeul. When the 
aqueous solution cools, paratoluieline separates out compled,ely 
while a little phosphate of orthotoluidine remains elissolvcul 
in the mother liquor. The bases arc now set free.' from their 
salts by caustic soda, when the sodium phosphate is recovereel. 

.CH3 (1) 

Orthotoluidine, CGH 4 <f , is a colorless liquid 

^NHs (2) 

which becomes brown on exposure to light and air. It has 
about the same solubility as aniline. Its boiling point is 
197° C. and its specific gravity at 15° is .9978. Orthotoluidine 
is found in all commercial aniline oils excepting aniline for 
blackd' Pure orthotoluidine is employed for making some 
azo dyes. 

/CH3 (1) 

Metatoluidine, OgHZ , forms a colorless oil boiling 

\NH2 (3) 

at 199° C. It is too costly for use in dye manufacture. 



HYDEOCARBONS AND THKTR DERIVATIVES 37 


XHs (1) 

Paratoluidine, CoH: 4 <(' , is a solid substance forming 

^NH2 (4) 

leaf-shaped crystals molting at 45*^ C.; it boils at 198° C. 
In the water it is slightly soluble, but in alcohol and ether 
it dissolves with case. Large quantities of paratoluidine are 
used for the manufacture of magenta. 

Aniline Oils Containing Toluidine 

Aniline Oil for Red. The aniline used for manufacturing 
rosaniline is not a simple substance but a mixture of thrc^c^, 
aniline, orthotoluidinc and paratoluidine^ Oiui inohHiule of 
each in proportion is employed. 

Aniline Oil for Safranine, This aniline is a by-product 
of the rosaniline manufacture, and it is the distillate recovcu’cnl 
from the rosaniline melt. Little paratoluidine is prc'scmt, 
and it consists principally of aniline and orthotoluidinc. 

Toluylenediamines, CeH 3 (CH 3 )(NH 2 ) 2 . When, in the case 
of benzene, two nitro groups were substituted for two 
hydrogens, throe isomeric nitrobenzenes were formed and by 
their reduction three aminobenzene or phenylenediarnines 
resulted. If two nitro groups are substituted for hydrogem 
in toluene the next higher homologue of benzene, not only 
three but six isomeric dinitrotoluenes would be expectcKl 
theoretically, and all in fact are known. Of these six, alpha- 
toluylenediaminc is the most important and its composition 
is shown by the formula, 

yCH3 (1) 

CoHs^NHs (2) 

\nH2 (4) 

Alpha-toluylenediamine 

It is formed by reducing the dinitrotoluene (1, 2, 4). It 
is a colorless crystalline substan(;e medting at 99° (J. and 
dissolving easily in water. Use is made of it in producing 
chrysoidine and Bismarck brown. 

Aminoxylenes, or Xylidenes, CoH 3 (CH 3 ) 2 (NH 2 ). The six 
isomeric xylidincs which are theoretically possible are all 
known. Two arc obtained from orthoxylene, three from meta- 
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xyleno and one from paraxylene. Tho xyliclliic of eorainc'rc^e 
is a inixture to a greater or less extent of all six, l)iit a])oiit 
50 per cent is the aminoortlioxylenc (1, 3, 4). Xylidiiw^ is 
an oily liquid boiling between 211-210° C., and it, is ('ni]>l()y(‘(l 
principally for the manufacture of tho azo dycis. 

Cumidine. By heating paraxylidinc with ni(4,lyyl alcohol 
in closed vessels to 300° C. one methyl group is siil)stitut.(‘(l 
for one of the hydrogens in the ring. The result is (uiinidiiK': 



Benzidine 

C 6 H 4 MH 2 , 

I i-G-; 

C6H4N’H2 

Benzidine 


(DlPAIiAA-MINDDII'lIENYL) 



This suhstance aroused no practical intonjst at the iiiiieof its 
cliscovciy by Zinin in 1S45 and it was not until u(uirl>' foid.y 
years later in 1884 that through the discovery of (h)iig:o rc<i, 
it became of commercial importance. It may lx; ohtuined 
by boiling hydrazobcnzenc, 


CsHsNH—MH—CgECs, 




with hydrochloric acid, after which the solution is filtcu’od 


and the benzidine precipitated by sulphuric acid or sodium 
sulphate. The pure base is obtained by decomposing tiiii 
sulphate with caustic soda and distilling. Pure; Ixuizidiiu^ 
forms large colorless silky plates which nicdt at 122° C. and 
boil above 360° C. It is slightly soluble; in cold water. It 
is used in the preparation of cotton azo colons. 


CgHafCHslNHa 

I . or 

CeHalOHslNHg 



Tolidine (Diparaanaidoriitolyl) 
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Tolidine is manufactured by reducing orthonitrotoluenc by 
zinc dust and c.austic soda; the resulting hydrazotoluene is 
then converted into tolidine by boiling with hydrochloric 
acid and purifying by a method similar to that used in Ixuizidine. 

It forms glistening ])lates which melt at 128° C. It dissolves 
slightly in water and (‘asily in alcohol. The sulphate^ though 
sparingly soluble, dissolves more easily than benzidine sulphate. 

Raphthylamines or Aminonaphthalenes, O 10 H 7 NH 2 . Both 
the isomeric naphthylamines, theoretically possible are known 
and both arc commercially important. 

Alpha-naphthylamine, results whe^n alpha-nitronaphthalene 
is reduced by iron and hydrochloric acid. Of a ])asic natureg 
it combines with acids to form salts. The aqueous solution 
of these salts, ])y. treatment with mild oxidizing agents, 
yields a blue precipitate called naphthannun. Alpha-naphthyl¬ 
amine is required for the manufacture of the azo dyes, e.g., 
naphthol yellow and magdala red. It forms colorless crystals 
of a disagrecniblc odor which melt at 50° C. and have a boiling 
point of 300° C. 


BETA-NAPHTHYr.A.MrN-B: 



Beta-naphthylamine 

The nitrogen of the amino group of this compound is not 
furnished by nitric atad acting upon naphthakme as in the 
preceding instanc(‘. It is supplied by ammonia, wlum 
betanaphthol is heatcxl with ammonia to a high t(nnp(U‘ature 
in closed vesseds. Tlui reaction appears in th(i following 
equation: 

C10H7OH + NHa = O15H7NH2 + H2O. 

Beta-naphthol Beta-naphthylamine 

Beta-naphthylamine amine is preparc'd on a manufacturing 
scale by heating in a closed vessel at 100 ° 0 ., 10 parts of beta¬ 
naphthol; 4 parts of caustic soda, and 4 parts of ammonium 
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cliloricle. The heating continues for 09-70 hours. The cold 
melt is i^ulverized, the unchanged /?-naphthol is extracted 
by the use of aqueous caustic soda, and the pure residue is 
dissolved in hydrochloric acid. The solution is filtcux'd and 
then treated with soda, which decomposes the soluble salt 
and precipitates the /9-naphthylamine. 

/?-Naphthylamine forms white pearly plates whicih in the 
commercial product arc compacted into pinkish white ptairly 
lumps, almost without odor. It is slightly solu])le in cold 
water but easily soluble in hot water, alcohol, and ethc^r. 
The pure substance forms colorless and odork'ss crystals 
which melt at 112°. The demand for /^-naphthylarnine arises 
in the manufacture of red azo dyes. 

Secondary Amines 

The secondary amines may be rc'garded as substituted 
ammonia, i.c., a molecule of ammonia in which two hydi-ogen 
atoms have been replaced by organic radicals. For our presemt 
purpose aniline is chosen as the starting point. Anilimi may 
be regarded as ammonia in which one hydrog(m atom has 
been replaced by the organic radical phenyl. Therci iivo two 
important methods of producing the secondary amincjs. 

First. A primary amine is heated with the hydrochloride 
of the same amine, c.g., aniline is heated with anilincj hydro¬ 
chloride, 

C6H5NH2 + C6H5NH2HCI = NH4CI -I- NH(Cr,H5)2 
Aniline Aniline Diphenylamine. 

hydrochloride (Secondary amine) 

Second. By heating together primary aromatic, amines 
with the halogen compounds of the alcohol radicals. 

CfjHsNHs + OH3CI = HOI + NH(CH3)C«H5 

Aniline ^ Methylaniline 

Tertiary Amines 

All three hydrogen atoms of ammonia are capable of replace¬ 
ment by organic radicals. When thc^y ar(‘ so rc^placed, tcjrtiary 
amines are formed. To prepare a tertiary amine of the 
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aromatic sciics, primary amines ai-c heated with the chlorides 
of in.cth}d, ethyl, propyl, etc. 

C 6 H 5 MH 2 + 2 CH 3 CI = C6H5(0H3)2N' + 2HC1 

Aniline Methyl Dimethylaniline. 

Chloride (Tertiary amine) 

The same result is attamed Iry heating the hydrochlorides 
of the amines with the alcohols and ssinc chloride. 

O6E5NH2HOI + ZCaHsOH = CoH^lCsHslair + HCl + ZH^O 

Aniline Diethylaailine 

hydrochloride 

Dimeth^laniliiie, GoH 5 N(OH;j) 2 . Per the inaiiiifacturo of 
dimethylaniline, 75 parts of aniline^ 25 parts of aniliiu'. hydro¬ 
chloride and 75 parts of methyl alcohol (acetone fr(;e) arc 
heated under pressure in a cast-iron autoclave at 230“270'^ 0. 
This is carefully kept under six atmosphoix^s. From tlu^ above 
proportions the yield is about 120 jiarts. The product is 
puriEod by distillation. 

NH2 N(CH;d2 



A.niUne Dimethylaniline 

PvRiDiNK Biases 

Coal-tar contains, together with the various hydrocarbons, 
bodi(‘s of a basic nature cjontaining nitrogen. Of those basics, 
pyridine in the simplest exainphx It is closidy rdati^d to 
biuixeiie since its striudain^ rewunidc'.s that of th<‘. b(niz(‘.ue 
with this important exception that one of tlu^ carbon at.orns 
and its c(>ml.)in(nl hydrog'cn is rc^placed hj a nitrogen atoiri, 
The following formula makes tliis relation clear: 

H 

/V 

HC OH 

II I 

HC OH 

Pyridine 
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Pyridine is also found in Dippd’s oil, which is produced 
by the distillation of bones. It is a colorless liquid ot a 
penetrating disagreeable odor. In Germany it is much used 
for denaturing alcohol. Mcthylpyridiiic, its methyl homologue 
called picoline, forms theoretically throe isomers, all three 
of which arc knorvn. 

Quinoline, CioHglf. If one of the «-carhon atoms of naph¬ 
thalene with its hydrogen bo eonsidorod as rcpla(;ed hy 
nitrogen, a new base quinoline would result. The formula 
exhibits its relation to naphthalene, in which it may bo .seen 
to exhibit the relation which pyridine bears to benzene: 


H H 
HC C CH 


EC 


X 


3 CH 


H 

Quinoline 


It is a constituent of coal-tar. It may he separjitcd from 
that part of the heavy oil which dissolves in sulphuric acid. 
Skraup suggested a successful met,hod for its syiithotical 
formation in which aniline, glyccniiKi and sulphuric react in 
the presence of nitrobenzene; 

C6H5NH2 + d6H5(OH)3 +- € = CioH^jN -f 4 H 2 O 

Aniline Glycerine Quinoline 


It is an oily liquid without color, which boils at 23<S*^ C. 
and possessing a specific gravity of L()i)4 at 2(P. With ilic 
acids it forms salts of well-marked eharactcuistic^s. 

Use is found for quinoline in the inanufaciiin^ of (piinoline 
blue, quinoline red, and quinoline ycdlow. 

Acridine occurs in the anthracene olitaincul from coal-tar, 
and it has also been prepared synthetically. It resembles 
anthracene in its general structure and it may be regarded 
as anthracene in which one of the middle carbous with its 
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attached hydrogen has been replaced by a nitrogen atom. 
The formula shows its relation to anthracene: 


H H H 



HO 0 0 OH 

I I I I 

HO 0 0 OH 

"^0^ 


H H 

Acridine 

The acridines arc very stabk' bodies but they arc more 
feeble bases than the pyridines and quinolines. It melts 
at 11° C. and suldimes at 100° C. A blue fluorescence is 
characteristic of its solutions. 

Diazo Compounds 

Th(\so arc nitrogenous eoinpounds of the aromatic series. 
The syllable azo (from the Frcaich azote-nitrogen) signifies 
a nitrogenous composition. In all these substances the 
characteristic group of two nitrogem atoms doubly bound 
to each other occurs represented as follows: 

—N=N— or —N:N— 

On one side this group is bound to thcj carbon atom of a 
benzeiu', naphthalene or otina* ring (compound: the other 
side is attachcal to an a(‘i(l or i)asi(t radical: as the following 
formula shows: 

OpHr—N:N—Cl 
Diazobenzene chloride 

Such compounds werc^ first produced by the action of 
nitrous fumes (N20;d upon anilines Thus it will be seen 
that one nitrogen atom in the amino group of aniline is 
attached to a carbon of th(^ benzenes ring while nitrous acid 
contributes tlu^ second rcHpiisitci nitrogcui atom. The nitrous 
fumes (from arsonious oxide and nitric acid) 


AS2O3 + 2HNOa 


N2O, + H2O + AS^Or, 
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chloride 
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By such a reduction aminoazobonzone would yield a 
monamine (e.g., aniline), and a diamine (e.g., phonylene 
diamine, CgH4(NH2)2, 


CgH5N:N'C6H4NH2 + 4H = + C6H4(NH2)2 

Aminoazobenzene Aniline Phenylenediamine 

Oxyazo compounds by a similar reduction would produce 
a monaminc and an aminophenoL 

CgH5N:NC5H40H + 4H = C 6 H 5 NH 2 + CgH 4 NH 2 (OH) 

Oxyazobenzene Aniline Aminophenol 

These reactions arc of value in determining the composition 
of the azodyes. 

The SuLPHomc Acids; or Sulpho Acids 

‘When the aromatic hydrocarbons arc treated with concen¬ 
trated sulphuric acid, a new class of substances termed 
sulphonic acids is formed. The hydrocarlion loses only an 
atom of hydrogen, whiki the acid losers a hydroxyl —OH 
group;, the two forming a molccuki of waten* and the sulphonic 
acid in cpucstion. The sulphonic acid group is —SO.sH- These 
acids are formed by heating together coruauitrated sulphuric 
acid and a hydrocarbon. Such action is called sulphonation. 
Fuming sulphuric acid is sometimes used for this purpose. 
A higher temperature or longer heating forms both mono 
and disulphonic acids. 


CsHo 

Beazene 

+ 

H2SO4 

= C6H5SO3H 

Benzene 

monsulphonic acid 

+ 

H20 

CgHg 

Benzene 

+ 

2H2SO4 

= CeH4(S03H)2 

Benzene 
disulphonic acid 

+ 

2H2O 


Of the three possible disulphonic acids of l)enzene itself, 
the meta and para compounds are those o})tain(Kl by this 
method. Thci ortho benzene disulphonic acid is formed 
from meta aminobcmzcme sulphonic acid by the further intro¬ 
duction of a sulplio group and the replacement of the amino 
(—NH2) group by hydrogen. 
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Aininc*H anc! pla^itoln yii'14 iiimri* r«%*iilily itt fiirm 
Hulplaaiif* ari^ln fliiiii flo I la' Ii\tlria'arhfiii:'-* Suiiif*- 
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Benzene Monosulphonic Acid, C6H5SO3H, forniKS colorless 
crystals which dissolve easily in water and alcohol. Caustic 
soda at a high temperature converts it into phenol CeHsOH. 
Concentrated nitric acid changes it into the nitrophenol. 
When treated in aqueous solution with nitrous acid, nitroso- 
phenol is formed. 

Benzene Disulphonic Acids, C(jH4(S03H)2. Three isomers 
are possible and all are known. The direct action of fuming 
sulphuric on benzene or benzene monosulphonic acid produces 
a mixture of two of the isomers, the meta- and para-disulphonic 
acids. Large quantities of this mixture of isomers arc 
prepared for the manufacture of resorcin: sometimes by 
passing the vapor of benzene into strong sulphuric acid 
heated to 240° C. or 1 part of benzene may be dissolved in 
4 parts of fuming sulphuric acid and then the solution is 
heated for two hours at 275° C. When these products arc 
fused with caustic soda both the meta- and para-disulphonic 
acids are converted into resorcin (metadioxybenzene), 
C6H4(0H)2. 

Naphthalene Monosulphonic Acids, CioHySOaH. Naphtha¬ 
lene, like benzene, yields to treatment of strong sulphuric 
acid, forming sulphonic acids by the replacement of hydrogen 
atoms by the groups (— SO3H). Unlike benzene, however, 
naphthalene forms two different sulphonic acids by the 
entrance of only one sulphonic group into its molecule. The 
difference depends upon the position of the hydrogen atom 
which is replaced by the (— SO 3 H) group. These two 
isomers are known as cr- and /?-naphthalcnc monosulphonic 
acids. 

By the simple regulation of rne temperature one or the 
other of these isomers may be produced in excess. Thus, 
by carrying on sulphonation at 100° C. the product contains 
about 80 per cent of the a-sulphonic acid and 20 per cent 
of the /? acid, but if the temperature be raised to 160-170° 
C. only 25 per cent of the a acid will be formed, but 75 per 
cent of the acid will be produced. 

a-Naphthalene Sulphonic Acid, diyH7S03H, is manu¬ 
factured by stirring 1 part of finely powdered naphthalene 
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into partH cif ;*tr«ai^r .-iilpliurir at'iO a! Hi ( \ afiO kf'f|»ifa,r it 
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iiro jifiadlili* mid all liiaittin ilp Hvh foiloaiii^^, 
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Acidf ia nnpii* by adding I part of fnirly jiHwd«ia*d mijiliflailHiii* 
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dissolving the prodiu^t in 3 or 4 times its wedght of salt 
solutioiij the sodiiini salt separates out^ and the i.^oimjrs 
simultaneously formed remain in solution. (Cler. Pat.) It 
crystallizes in glistening white plates. 

Naphthalene Disulphonic Acid (2:6). Ebert and Merz’s p 
Acid. This acid is produced on heating 1 xxu't of naphthahme 
with 5 parts of concentrated sulphuric acid to ISO® CJ. for 
24 hours. By maintaining these conditions, this a(dd is 
formed almost oxcliisivcdy. It crystallizers in platers and the 
sodium salt forms needles containing oner mokrcule of waterr. 

Amino Sulphonicj Acuds 

These derivatives of the hydrocarbons contain both the 
amino group (—Nli 2 ) and the sulphonic acid group (—SOaH)* 
In some process(‘S of manufacture, the amino group will be 
put into the molecuhr first, in others, the sulpiionic acid group; 
as may bo seen from the following methods: 

]. Direct action of sulphuric acrid on the aminers. 

2. By simply heating the sulphates of tlur aminers to ISO“230® 

C., c.g., 

(CBH 5 NH 2 ) 2 H;iS 04 4- Hotlt = 

Aniline sulphate 

OoH4{NH2)SO;jH + H 2 O + OfjHsNHa 

Aminobenzene sulphonic acid 

3. By heating a sulphonic acid with nitric acid, thus 
forming a nitro sulphonic acid, and them by reduction cori- 
verrting the nitro group into an amino group. 

Aminobenzene Sulphonic Acids, - Thcr 

thnro isornerrs theoretically possible are all known: Ihtr rneta- 
and para-compounds being of the gnraterst tcrchnicral valuer. 

( 1 ) 

Metaaminobenzene Sulphonic Acid, CoH4<^ , is made 

\sO 3 H (3) 

by the action of nascent hydrogen, evolved from iron and dilutee 
sulphuric acid, upon nitrobenzene sulphonic acid. It forms 
fine needle-Iikc crystals in its anhydrous state but clinorhombic 
crystals when it crystallizes with molecules of water. 











/HH, (1) 

Paraaminobeiizene Siilplionic Acid, 

HI 

comiiHHily known :i- Milpliauilir nri*l, nmi if i> fiiriimd 
wtuni I part of uniliiit^ i-. lii-ali-d wiiii If purt^ of t-lnmy, ^ailpliiirir 
arid to ISO IPIf' C’., or HMI parta of aiiiliiir Hiil|ilialo may 
Ih» limittal on tiiivr wiili Hio jiarih of alroiiii Milpiiiirir ariil 
until tai hoilina n aaiiipk* with riitiHlir muhi, I tin mior of 
anilinr has ili.*-aji|M‘iiri*d. 

The* purr rolorli%‘-H rr\f4iilf4 ronfaiii on«* iiitilrriilr* of wuitrr 
«)f rryatalli/Jiliofi wliii'li lonf on r\|ifwtirr in air, wliiui thr 
MihHlaiirr fitila to 14 ttiiifr pfittiirr. If ilia-Holvi^ i>#Ii|*Jiliy in 
wntrr ami it I’oriiiH aailn witli Iiiim-h brriiiiHi* tif iln Htilfiiionir 
a«dd icrniip, and it foiiiiH wit it ariib on iiccouiil of ite 
Iiamr iiiiiiiio groiifh 

Ammotolneiii Snlphonic AcliSt • Tliia orllio- 

\SOiH 

loIiiidiiioiiifiiiHiilplioiiif* arid, CiJI jCII /KH,oSO|II) (1*2.31 

iiiav hf* fibtaiiin! lo, ariifir aii!i roiir* nirafof! ^tiljilitiiir 

arid upon ortlifiloluidiiif* CtMi\ ? by Itrnfiiig tin* 

^mh m 

wil|i!iafrof firtliotoliiidint* In r. 11 liiifiiiiff arhl 

iir!i 4 jiiiriitoltii 4 ilti% I uo 1^011101 ir > idjitioliir inid*^ |r,uill. 

Xylidln© Sttlpliontc Acidi, 

ontl iirr jio'dbh ii^n fir ^ font iittaidir#! to 

a riii,|i., hill fla oio* iinporfaiif i- tin* 

prodiift friiiii ll-n^ tnaffiaiif *4 ofdiiint 5 »14111111 nial 
CllIli}||lliliiilit»l«nlii%Uiiir| ttilli f oin 14 i4il|iliitfr lifid. 

BeftEldintsulphcimc Acids. \\hm hot ^^lilfihiifir 

arid in allowed in iP4 tui hiii/idinr ovrual 
iicdd« ri'MiIl. If fhr toiiipuiitufo of fit# tk ir tint f'^rorilrfi^ 
tlirn tlir |iriiirijial j- u ruiplioiiff iif iituiridiiii*, 

Cilglls 

\ 

,JO;i, wliirli m hy hmium h«t if4h*liIFC 
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into sulphonic u(‘i<lH of tliis Hulphono; hy a ntill hi^hta* toia- 
perature benzidine Hulphonic acids re.siilt. 

SuLPHONie A(’ins of NaPHTHALKXF 1 )KlCIV.Vi*IVF.H 


H H 



H H 

naphthalene Haphthaltne. Coodeiiitfl furmtik 

The formula of tiap!dhaI(UH‘ C'laHK, ^ expressed so as to 
show its structure in the* first figun* ahen’e: the relative 
position of each of tlic^ tcui carbon at cans and each of the 
eight hydrogen atoms. For the* sake of siinplieily the seeond 
figure is all that is iHa*{l(‘d to repre.siait thi* fornntla of niiph- 
thalene wIkui we an^ considering any of its tmmvrmm 

derivatives or whem it entern into the eoniposif ion of it 
largcT moletnilcx 

When an amino derivative of tiaplif lifihaa* coftliiinH ii 
sulpho acid groiip^ it is at onec* idenfified iiy the iitiiiilieri4 
written in tlie name of the conipoiind it«»!f. For exiiiiiplf% 
l-naphthylamine-4»«uIpho acid can indicate only tin* ciiiir- 
pound whose formula is shown hehmx (In this mi4mu*i\ the 
word amine forms a pari of the ininif* itself, itnd Itie iiiiiiiber 
indicating its poKition stands in front n! it« itiuticj: 


SO:|H 

l-Iaphthyl«aite#-4-ititpli# *cW 

This same derivative of naplitlialeiie in ofif»n culled fiiipti- 

thionic acid. 

Suppose a derivative of contsiiw ittt fiiniiiif 

group, a hydroxyl group, iiml imi siiipfio grniipi. A very 
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large number of different derivatives of naphthalene may 
have these four groups substituting the hydrogen of naph¬ 
thalene but no clue is given by this information as to which 
one is meant. If, however, the name of the substance is 
written so that the exact carbon atom to which the amino 
group is joined and also the carbon to which the hydroxyl 
is affixed and the carbon to which the two sulpho groups 
are joined; then the compound is at once separated and 
distinguished with precision from all its isomers. 

If in this instance we find the substance namcnl as 2-amino 
8-naphthol-: G-sulpho acid, the position of each separate 
group which replaces a hydrogen in naphthalene is known 
definitely and it need not be confused with its isomers. 

The compound must have the formula: 

OH 



2-Animo-8“naphthol-6-sulpho acid (r-acid) 


This compound is also known under the name aminonaphthol- 
sulpho acid, x or ^^T'-acid’^ for short. 

For purposes of speech the names employing numerals 
are clumsy and other names are given which attach the name or 
names of the discoverers to particular compounds. Capital 
letters form the briefest method of indicating a substance. 
One sulpho acid of naphthalene is known as Neville and 
Winther's acid: it is a l-naphthol-4-sulpho acid. The 
hydroxyl (indicated by the syllable ^^oE'in the name) is at¬ 
tached to carbon No. 1 and the sulpho acid group to carbon 
No. 4. It must accordingly have the following constitution: 



or aminonaphtliol sulpho acid N. W. 
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Another •method used in naming naphthalene derivatives re¬ 
fers to the positions a and /? which the substituting groups take. 

As the following figure indicates^ there arc four positions 
called alpha (ct) ^ and four called beta (^): 


a a 



a a 


The acid of Neville and Winthcr above is according to this 
method called a-naphthol, n-mono-sulpho acid. 

Since nearly two hundred derivatives of naphthalene are 
known which include naphthol, and naphthylamine sulpho 
acids, and* dioxy, amidoxy, and diaminonaphthalcno sulpho 
acids, the need of care and precision in distinguishing the 
separate compounds will be at once apparent. 

Two ^-naphtholdisulpho acids of great technical importance 
are known as R-acid and G-acid; and have the following 
structure: R (from roth, red) because this acid is used in 
making red dyes; G (from gelb, yellow) because this acid is 
used in making yellow dyes: 

SO 3 H 



R-acid G-acid 


The R-acid is a 2-naphthol-3.6-disulpho acid and the G-acid 
is a 2-naphthol-6.8-disulpho acid. The methods of manu¬ 
facture of these two acids will be given. 

The patented method for making the R-acid consists in 
heating 1 part of ^-naphthol, CioHyOH with 3 parts of 
sulphuric acid at 100-110° for sev(U‘al hours. When the 
melted mass is dissolved in water to which common salt 
has been added, the sodium salt of R-acid, called R-salt, 
crystallizes out while the sodium salt of the G-acid, called 
G-salt, which is formed at the same time remains in solution. 

The method for preparing the G-acid most economically 
consists in using a larger amount of concentrated sulphuric 


(•iiAI/fAl: !)VL> 
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l)KI(l\ A'I'IVKS 
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Thk Phkxols 

Phenol or Carbolic Acid. If a sinjrl- h,v.lr.«-n ulun. of 
is n.pla...l by a l,v.ln,.yl «ruu,. ( Oil) th- ■n.hlf-n.u 
charactcu' of the liciizcuc is so nioilifiol that if «■( oim s ai a 
in its natunn Co.niuon <-arboli<- a<-i<l is su.-h an u.-nl whoso 
formula is CoH.OH. Tho hylro-.m join..<l to ' 
is replaceable; by metals ami forms salts. I !»• 'v.-aU ehai.i 
of the acid is shown from the fa.'t that -■arboim- a<-i.l is abl. 

to eleeompose the; sodium salt. 

aj,rboli(; aei.l is also called phenol ami th.- 
.sodium phenato or sodium earbolate, C,iH.-,ONa. m a<m 

nature; of phemol is mue-h .stivtiethemeel by the- ... 

ne-eative; at.emis or }ire)Uiis eif aleims intei the- bt-n/.e-m- nnj;. 
trinitre»phe-ne)l, CoH,{NO,):,OH, kne.wn eis pie-ne- u.-i.l, is a 

much stremee-r ae-.iel than phe-m.l. 

l'he-ne)l is pre-se-nt in coal tar ami it is r<-e-i>vi-n-.l lh.-re*tn.m 
in large- amounts. It may also be- ma.le from an alkali salt 
e>f he-u/.e-m- sulplm ue-iel by fusion witii a eaiisite- alkali. 

4 - K„.SO., +- H;^ 0 , 


0,(H.-.SO;,K -+■ 

Potaffium 
benzene lulphonate 


2KOH 


0„H:,OE 

pheiiAie 


0„HjOK + HCl 




4 - KOI 


Unele-r the; name- eif eurhedie aeiei, plu-uot has la-i'ii eiuployetl 
in large; epiantit ie-s as an ant ise-pt ie-. 'I’h«- ae-i.l .-emdsls of white 
crystals whe-ii jaire in tin- form of hmg m-e-illcH. 'ria-se- luelf 
to a thie-k liepiiei hy the- aeleiition of -slight aiimniilsof water 
at the orelinary te-mpe-nitur«-; tlie-n oii iteldiiig a large •(imiiiily 
eif water, the he-avy syrup foriiis an oily layer umh-r tin- water 
anel sleiwly <lis.solve-.s. Wate-r at the- or.iiiiaiy t.e-mp*-rature, 
heiwe-ver, will take- up emiy <1 i«-r cent of t he iii-ul. 

Resorcin e>r Resorcinol is a suhstane-e whieh ijitTirs from 
pheneil in peisse-ssiug tiui- more; eixygeit atom. I* is llnTefore 
a elio-xy- eir a elihydrewyiamzem-. Of fiie tlm-e peisMble 
elihydroxylM;uz<-u<;s, reseirein !.*< the- one whose hyeftow! 
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groups arc in the positions 1 and 3, making it thus the meta 
hydroxybenzene, C 6 H 4 (OH) 2 , 


OH 



Resorcin 


Resorcin is a white crystalline, substance of a pleasant 
aromatic odor similar to phenol but not so strong. ■ Like 
phenol it has antiseptic properties; but it is milder in its 
action. Largo quantities are employed in the manufacture 
of the cosine dyes. 

Among many methods of preparing resorcin, one is the 
fusion of the potassium salt of mctabenzenedisulpho acid 
with caustic potash. 

06H4(S03K)2 + 4 KOH = C6H4(0K)2 + 2K2SO3 + 2H2O, 

Metabenzene- Potassium 

disulpho acid resorcinate 

C 6 H 4 ( 0 K )2 + 2 HC 1 = OgH4(OH)2 + 2 KC 1 

Potassium Resorcin 

resorcinate 

An aqueous solution of resorcin turns dark violet with ferric 
chloride and violet with chloride of lime. Exposure to the 
air turns the solution red. 

Pyrogallol is the most important of the trihydroxy benzenes 
to which it belongs. There arc three substances in this 
class, but pyrogallol is the one having all its hydroxyls in 
neighboring positions as seen below: 

06H3(OH)1:2:3 

OH 



Pyrogallol 


It crystallizes in white plates which melt at 132° and 
sublime unchanged. 
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One method of pi'ci)anilioti is to heut juallic acid with ilircc 
times its weijrlil of glycerine to lt)(l ‘idO" until no more cnriiim 
dioxide is evolvc'd. 

CfiHytOHhOOOH + heat = + 00. 

Gallic acid Pyn^galltil 

Wat(‘r dissolves pyroi^nlltd (*asily and its solid ion rapidly 
absorbs oxygi^n from the* air and I urns dark in rciion 

Tub Xapiitiiolh 

The Naphthols lK»ar thr .saimt relation lo rta|dithiilerie that 
the phcmols b(‘ar to bmi/aan*. ’Wlien tin* fiydro|v*t* atoniH of 
naphthal(*iH‘ an^ rc*pla.r«‘d by liydrc^xyl ^roiipH, the naplitfiols 
are fornual. As tla*n‘ airt» two kinds of liydro|ieii ilepondiin*: 
upon thiar position in the iiaderiile, it. follows tliiit a single 
hydroxyl may pnidnrc* tun kinds of iiaplithol flepetifliiig 
upon its point of fixatam. These* two siilistiim*eH are dis- 
tinguiHlH‘il as rr- and /i-mtpIdhoL 

o'-Naphthol is a solid substanee wltieh oreiirs in glistefiiiig 
nc‘(ail(‘s. It is almost insolubli* in eold water and only ?di|fjitly 
Holubk? in hot; the soiliiiiii Halt flissolves easily sii a Sftliilifiii 
of Hodium hydroxideg for the hodiiiiit hiiIi. is formed and tliis 
in easily soluble*. n-Xapldhol viihttili74‘H- %vitli i4eiiiii. A 
dark violet (ador is prodiieed by eliloride of liiiie. o’‘%Xaplii hoi 
is made by fusing cr-iiiipiilhahia* siilplioiinte of sodii with tw'o 
or thr(*c* liinins its weight of sofliiiiii liydroxifli* iifnl ii 4iiai! 
<|uantity of waUw at 27(1 MMP in mi iron vesod wliieli is 
provided with a merhiiiiieid stirrer. The iippi*r layer of 
Hodium naphtliolate is Mepiirafed friiiii tin* lienvier fiiyer of 
sodium hydroxide and woiiitini sulphite. After dksotving fliis 
in watm\ the diaaiiiiposif ion of the suit tiikes pliin* by fisliig 
hydro(diloric aeid or even eiirticiiiir iiriiL ihirsfieiitiiiii ifi 
aeeornpliHliiai by ihoroiigti drying itiid dif4lillfitifitu 
/^-Naphthol lifts n fuiiipodtioii idefitieal rritti u-ftiiplitfioL 
The difleriaire is one of roustitmtion: of the pusifion of tlir 
Hirigle hydroxyl group whirli iit tliw Miilmtiiiire omijiieM tin* 
beta poiition. The iiiiitiioil of |iri*{iiiritliciii k mmikr lo iltiil 
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c^u\i/r\ii in 


f(ir ih:i? ?}i* ‘-^1* ffir thr fii'-ifin 

willt M»tliiiiii i ii L uf 

I1|i‘ iliffti'iiirr ill |HI mC \ Ciniii |j|j|f 

ill till* ll■■"llll|lilt!ii?i H ii‘» If/ i* if 

iKil %"( 4 atilr willi aiii ^Isw i*’ -li f»% 4 ilina mitli 

farrii* i‘!il^iri<i<* «*r iiifii <♦! Iiup 

■Xjiplifliifl iiliitf' aii4 *•! v-4III |i|:i!* 4 ttliii'ti 4i^»Mi!vi* 

ill alrifliii! iiiiii **f}pi Ity? in It iiii^lH nt 

VIS' lit 'jHii . l‘}ir rMiiiiii* M'i;il |ii»i4iii*! i?* innirlv 

|)iirr, hilt #1 -iin|t!ilIn4 iiini Iw' 4*i^rfs4 in «-*t -limit an iifiifiiiitt 
J ,a fii-r f«iit h> it in :ilt‘si|pih n4«iiii|f wiitnr 

nml l!i«’ii n IfW «lr«nn^ nf frrrit r-lilfiri4*n ;% vnilrt mltir 

will ainimir. 

Tiin 

Formic Aldelifife i n * 1 jn in I i tn Imi » 

w vna! hi !i/* ii* *l»ir* 4 nm 44 ^ ! ^ nml? *4!* < I'liiii 

far r\;illijti« ?}p im tlmi4 < ihf^n 4^411 - * nnfmM.ifit 44 . ifj^ 

nilinn'll 4 *4 tin >l\f h 

CII/0 i#r HCHO. |pH% im ,4ii4 tlnii 

it liilfViH fulfil 4!*Mln4 €H|ll. mf ^4 wim’li 1 * m iimtin 

Hilly by «»l Ui^i 1 l^ h»*n< n iImih 
If mm!*’ ji.r inn ^ ^4 

willi jiif nVi I' Ip 4 |i1 ninnm ^ It 4 * u si lO rn%*\ tlnm Iwti 
InilrHfPii iiip 1444in 4 .nA'im fnitnip iilflrimli 

\l flii‘ finiiiriu iMii|ptn^44 f I .4 n„ * wbnb 
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lii'^-iilvilif ifi iintfi ;i!p| nii ip|in mm. f Mlitiii|«iii|f fil |»*r 

ri lit «if t}ir fibbln‘4*' p naiai 4 ?l|i ri#iiiiii< rriiil 
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til C^M-\CMO It bn 

rvf4, iipImfrinlK }#TMjmn»i fmin wi»^tiniiiiti/*rfif% 

IvIiimIi fi<|nii*' lin4 tin finflii! 1 ^-CHil 
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HYDR()GAI{H<)x^^S AXD TIIi‘:iH I >101(1 V A'il \ KS (H 


chloriiu^ gas into lolucaa*, produriii*!; tlnTc*hy 

chlorides or b(‘nzul (diioridc*, which uo with water 

and lime in the* first instance* and with haul nifntlet and wafer 
in the second yhdd lamzahlehyde. 


Cr,H,CH:^ 

Toluene 


CiiH^CHOR 

Ben/yl chloride 
Beiisial chloride 


0„H,0H0 

Hi-n/tildphydn 


Benzaldohydc is a pleasanh-smelliny; liquid used in l!aruling 
cakes and c'onfeetions. If boils a! and dissiilvisi eusil\ 

in alc*ohol but only slip'll! ly in wafeu*. i)\idalicui <*ven by I lie 
air conv(‘rtH it. into benzoic acid. It is einphned in tli«‘ il>e 
inanufaeturc* for a purpo>e similar t<) that of forniahh-!i\de, 
i.(*., to iamdensi* laaizene derivative*^ and fiiniish the iiietluiiii* 
carlxm as a nuelcnis for the developed d\'es. 



CHAPTER V 


, THE NITRO AND NITROSO DYES 

The Nitho Dyeh 

The activity of nitric acid is so grc^at and its n^acdions 
so characteristic that it might be that tlu^ 

and products of its action would (uirly i^xviW. atituition in 
domain of color rcscuirch. 

It is so destructive of animal tissu(*s, th(^ yedlow st 
which betray contact with it so irn‘m(‘diabl(% t luit th(^ d: 
tegration would appear to l)e com[)l(‘t(‘. In maiiy inst.ar 
however, when an organic compound is appanmtly destro; 
the disintegration has procecakul oidy a (^‘rtaiti and d<‘fi 
portion of the way toward compl(‘t(i dissolution of th(^ i 
stance. At the point of arn^sted action, a new clunr 
individual has bcuih formed wliich th(^ aend tiicni C(‘aHc*:i 
attack. 

These new products have beam investigabnl, tludr valu 
properties ascertained and put to th(.^ scTvica^ of th(‘ nianufac 
of both dyes and explosives. 

Picric Acid. This yellow dye was diseovc^red nion* thi 
century ago, in 1771, by Woulfo, who obtained a licpiid 
would dye silk yellow by allowing nitric aedd to act u 
indigo. 

Since that time, it has been rediscoverod by many diffc 
investigators and it has been obtained from substancei 
unlike as indigo, silk, wool, carbolic acid and a resin (aca 
resin—yellow gum of Botany Bay), by iho clKunical ac 
upon these of nitric acid. 

It was Welter who in 1799 found that picric acid 
formed when nitric acid acted on silk. He, however, did 
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know that his jirodurt was the* same** as that’ obtaiiif’d by 
Woulf(‘ anel it was (•alh*(l W'aitor's bitt<‘r. 

raVbi^- proven 1 that iiidixo bitter and \\‘^e*lt(*r'H bitter wen* 
one and tlu* sanu* substanen*. lie* naiianl it kohh’nstic’listolT- 
saunD' or earl>azotie arid. B(*rz<*liti.s ealhnl it, |Jikrinsa!f- 
p(‘t(*rsaur(‘/’ Dunuis analyzenl tin* ye‘llow and 

gave* tlu* dye* its prc*se*nt naiiu* picric* tfroni wMpm, bitti*id 
aeid. Iziurent, in I.SI2, found that if eoidd be* made from 
ph(‘no! or e*urb<jlie* aciei and still later in iSfill that it cnitilcl 
also be* made* a,.nd more* (‘asily, from phenol siilphonic* ar-id. 

Pierie* acid is the final oxidation prealuet u( many iinimiitie 
substane'f*s; as oxalic ac*id in the* final prcnluct e^f o\iiIati<ift 
e)f many fatty e*oinpoundH. Its procluction from silk, wool, 
indigo, re*.sin, and (‘arlnilic ae*iei shows that the* benzeaie ring 
Ls pr(‘sent in the‘m all. (Home dembt, henvever, has been 
c*xpreH.se*d tliat it is c^btained from wool.) 

Pierie. aciei may be maele din^el from plie*noI by the a.cfioti 
of strong nitric ae‘id, but the action is vieilent ami tin* protliief 
Ic:*SH satisfactcjry Ilian wdien tfii* mamifiictnre |iroeef‘ds in 
two Hte*p.s. At present, the plietiol is first cliaiigiul info 
phemol Hulphonic aeid, (*||II..|S(bilPOHy hy iillowiitg it to 
run into and dissolve iir coiicemtriited siilpluiric iteid: wliiit 
taken plaec* is shown in t.lic* ri»ac*tioip 

+ H2SO4 H.O 

Beith the ortho and the pam phefiolstilplioiiie neids nre 
formed liy this procechire; Imi at a modernti* femperiiliire 
the foniif*!* is the more abiiiiditiii, while iii tin* teiiiperiilnre 
of boiling wnivr tlu* latter is more largely ffirmed, ilu luait ■ 
ing th(! ortho prodiief, it is trafisforiirnd into I tie pnra firodiiel, 
hut both viirieties are eonveried into pierie nehl when strong 
nitric! aeid is allowed to work upem tliiait iih «Itciwii liiilowj 
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/\ 


SO»K 




0 
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milpjboBlc AcU 


SO:|K 

iiilpfeoak 
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NO. 
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in by 1X%*» li^iiro^rii iitiniiH 

iirp ?i1mi rpji!iii’i**i by iiiini liinkifitf: tli«'firfiiliifi n iriniirii 

ftiiii|i«iiiiiiL 11irfp' fliti/r liilrii gPitijiH ahiiiVH fpbp iiji 
tliiit uri* HitiiaIrfI, i* 

with ifH li)4rp\yl ifi I, flitt iiilrp pnmim ^ilfiirli liitiH- 
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iiiilliifraiii** nf ilit^ iti’i4 iii it litrr pf ittiiiiirt# t<i il 
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OrilifipliCBftl »wl|»lionlc icid 
;i!m 

OH 

4- 3HNOj = 

SOiH 

WilpliwfPf Will 
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Tho rolorin^ pcnvcr is rrty grraf. It luis alscj Inm^i to 

combine with n‘dH ami bines fcjr dyeinii^ shade's of eraimo* aaid 
gray. 

Th(^ explosive* chanic't(‘r of its Halts has ca.iiseel it, to in* used 
in the* manufacture* of higli e‘Xplfesive*H, and it is neuv far mon* 
large*ly (*mploy<‘el in tliis imlustry tluui for etyeing, wlM*rein 
it has bee*n sup(*r.s<*ele‘el by the* later yellenv elves. 

Picric aciel unitc*H with be‘nz(*ne ami otlien* aronintie’ liyelro- 
car})onH to form eayHlallim* ceanpoinals, which eui oecasifui may 
HC'rvc* alike* for the* ichaitificatiem eef picric ac’iel or lie* !iyeir<»e'ar» 
beeiiH with which it combines. With naplithal<*ne fh<*n‘is fiermed 
a ve*ry c*haract<*riHt ic camipeniml, CuMh ? CiiH^fMODiiOH, 
whi(*h crystallizes in ge>hlen sc’iih's, meltireg at I IIP. 

Picraminic Acid. Whe*n picric ar*icl is Htibjee*led to flie* 
actieai of nsha'ing agents, tin* nascent hyelnegen will fradiially 
re'inove* tlie* oxygen atoms from all the thres* nitro groups 
ami r<*plae'e* flH*m with liydrogeii atoms, thus conviiliiiy all 
the* nitro (---XO.j) groups into amino ( greiii|rn. 

rcelucing aclicm may he* limilf**! to ilic* conveTdem of a singh* 
one* of tlu! nitro groups into an amino group by einplen'iiiif, 
the cennparatively Wf*jik reeliicing agenlK, liyelrogmi sulphieh^ 
and ammonia. Thin part in! reeluetion proiliic*! is pif*riaiiiiiii‘ 
acid. 

0||H2(HO2)riOH + SH =: OnH^dfO-jlst MH.fOK + m.O 

The* structure* may he* e*oitipitred with the origiiiiii pirrii* 


acid as follows: 


OH 

OH 



FIcfic «cW Picrtmlnk «ci4 


Picraminic acid Iuib Imtohh* nn important, BuliBtnrtcn in 
th(! manufacture <#f tiu; azo dycH, 

Martius yellow, IKtW, hnn the dwtinction of beitiK the tirNi, 
very beautiful yellow olrtaimai by the nyntlx'lic pn «‘l ♦SSI'S, 
This yeEow dye may l>e prepared in ai;v<*ral waye, but th« 
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simplest to understand is the action of nitric acid upon 
n-naphthol. What takes place is the fixation of two nitro- 
groups in positions 2 and 6 of the a-naphthol. 

CioHyOH -f 2HNO;j = CxgHgfNOglBOH + 2 H 2 O 

«r-Naphthol Martius yellow (free acid) 

Th(i dye itself is the sodium salt, sometimes the potassium 
salt of this acid, and possesses the following constitution: 

ONa 
NO2 

NO2 

Martius yellow 

*Martius yellow is an orange yellow powder as it appears 
in commerce. When heated, the sodium salt deflagrates 
suddenly while the ammonium salt burns quietly. The 
sodium salt requires 35 parts of water for solution; but 265 
parts arc needed for the corresponding amount of the calcium 
salt. 

By adding hydrochloric acid to the aqueous solution, the 
free dinitronaphthol falls as a precipitate. In strong sulphuric 
acid, a yellow solution is formed which on diluting with water 
lets fall a yellow precipitate. 

Wool in acid bath is dyed a beautiful golden yellow while 
silk is colored the same shade in a soap bath or in “ boiled-off 
liquor.^^ Varnishes arc often tinted with this dye. The 
absence of any bitter taste which is characteristic of the nitro 
dyes has caused it to be used in coloring food products, e.g., 
noodles and macaroni; but its known poisonous nature 
renders the practice unsafe. 

Kaphthol yellow S. differs from Martius yellow just con¬ 
sidered only in possessing a sulphonic acid (— SO3H) in 
position 7 in the molecule. It is, however, not prepared by 
implanting a sulphonic acid group in this dye. A trisulphonic 
acid of a-naphthol is -used instead as the starting point. 
This substance is treated with nitric, acid, whereby two of 
the sulpho groups are replaced with nitro groups: 
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CioH 4 (S 03 H) 30 H 

«-Naphthol trisulpho acid 
2:4:7 


+ 2 HNO 3 = 


OioH4(lf02)2(S03H)OH 

PTaphthol yellow S 


+ 2 H 2 SO 4 


OH 


19^810381 


/\/\ 




\/\y 

NO 2 

Naphthol yellow S. 


Naphthol yellow S is a bright yellow or orange powder 
which burns with bright yellow scintillations. On account 
of the sulpho group, which this possesses over Martins yellow, 
it is a more valuable dye. It is more soluble and acids cause 
no precipitate in its yellow solution. 

A marked difference is shown in the behavior of this dye 
toward sodium and potassium hydroxide; for the first has 
no apparent effect, while the second causes a yellow fiocculent 
precipitate to form in the most dilute solutions. 

Wool and silk arc dyed yellow from an acid bath, and, since 
it is the most valuable of the nitro dyes, it is sometimes 
adulterated by the admixture of Martins yellow. 

Aurantia: Kaiser yellow, 1873, is a dye which produces 
a fine orange color upon fabrics; but its use is prohibited 
because of eruptions which it excites on the skin. It is 
employed in photography as a light screen. 

The action of nitric acid upon diphenylamine causes the 
fixation of six nitro groups in the molecule of the latter as 
shown below; the result being aurantia. 


/C 6 H 5 

\C 6 H 5 

Diphenylamine 


/C6H2(N02)3 

\06H2(N02)3 
Aurantia. Kaiser yellow 


Victoria orange is an almost obsolete dye which was 
formerly used to color liqueurs, macaroni, etc., until its 
poisonous properties were known. 

The firm of Fr. Baeyer & Co. have placed one form of this 
dye (dinitro orthocresol) on the market under the name of 
antinonnin. This is employed to kill fungus growths upon 
masonry and wood in moist places. 



OS COAL-TAR DYES 

Victoria orange is a mixture of the sodium salts of ortho 
and paradinitro cresol, and it may be prepared by allowing 
strong nitric acid to act on cresol sulphonic acid. 


OH 

Paracresol 


ONa 

Paradinitro cresol 
sodium salt: one form of 
Victoria orange 


The Nitroso Dyes, or Quinoneoximes 

Nitrous acid acts readily upon bodies which possess the 
properties of phenol or car})olic acid, and in doing so it converts 
these white substances into new ones. These n(‘w products 
])y the aid of salts of iron and salts of chromium produce 
valuable green dyes. 

Tlu're has hoon some change in the way this (dicmieal 
atdion has bc^en n^garck^d, and, Indore considering an actual 
nitroso dye, w(‘- may considcu* th(^ atd-ion of nitrous acid upon 
simple phenol. This action may b(^ n^pre^sented as follows: 


+ HONO = 


+ H2O 


NO 

Nitrosophenol 


If hydroxylamine (ri 2 NOH), is allowed to act upon quinonc, 
the same so-called nitroso])henol is formed as shown below: 


+ H2NOH = 


+ H2O 


O 

Quinone 


NOH 

Quinoneoxime 
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Tho fonaula of (|uiiH>!H*o\iiiH* is rc‘^ur(lc<l jis (Ih^ more* 
probabk' oik* for the* product of nitrous judd wlioii it nets 
iijyon phcuiol: at kuist this product, bc*havos as a (|uiii{jnoo\iiiH* 
b(‘hav(‘s in many naictioiis. Two definite* reasons may be 
givem for cdioosine tin* lad ten* formula: first, tin* nitroso 
phemol has a very feeble aedd chai’acder whicdi accords bett<‘r 
wit.h th(‘ (juinoneoxime* structure*: sc‘cotai, tin* power to form 
a dy(‘ is tHdic‘V(‘d to bedeai^i: c‘spc‘cdally to I lie quincme rin^, 


“CD- 

and th(‘ oxime structure* contains such a rin^. 

Fast green, 1875; Solid green 0.; and Resorcine green, 
an* namc\s for the same clyc*. It is prepared by the iicfimi <d 
nitrous acid on rc*soi*c‘in. Tlic* latter siibstan<’i‘ is white and 
eryst-allinc* and it» <‘asily dissolves in water. By adcling 
sodium nitrit.c* and tin* eorrc*sp{nidiii^^ aanount of .’'iiiplmrie 
acid to I lie aquecaiH soliitimp iiitroiiH atdd is formed anti 
begins at onc<‘ to work upon the resoreiip eltmiging it. into 
dinitror(‘Hondn of the following eomposilion: 


O 


OH 

/\ 


+ 2HOMO = 


V 


OH 




V/ 


rMOH 


HOH 

Retorcin Fail gretit 

Fast green appciirs eilhc^r us a ilark green pastt* or ns n 
grayish brown powder wliicdi is slightly soliible in eolil; iuii 
more easily in boiling water. 

For dyeing, fast, green reqiiirc*H tin* iiiil of an iron salt im 11 
mordant. Fotdon iiiordanted wdlli Iron is flyed a green 
which in iiiodenitely fast to the iiflion of Ifotii light aiitl sitnp. 
Wool thuH mordanted in dyed a grwm wdiicli is vny fiwt Ui light. 

Fast grc‘en by reason of ils acid projierfif*H has ftn* jiowau* In 
combine with the biiHic! dyes. lYe is miide of this property 
by treating coitem cloth with fiie fiis.t green diHSoIved In 11 
solution of ammonia, caustic soda, or sodiiifii it'eeti4t4% 
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This produces a beautiful brown color that is fast, and this 
brown shade may be modified in various ways by afterward 
treating it with a basic dye. 

Gambine R. is the product formed by the action of nitrous 
acid upon a substance of phenolic character called a-naphthol. 
A greenish yellow paste appears when the process is finished 
which dissolves with some difficulty in water, coloring it 
yellow. The reaction involves one molecule of nitrous acid 
and one molecule of a-naphthol. 

C10H7OH + HONO = CioH(j( 0 )NOH + H2O 

a-Naphthol Gambine R. 

The oxime group (—NOH) derived from the nitrous acid 
takes an ortho position in respect to the quinone oxygen: 

O 



Gambine R. 
a-Naphthoquinoneoxime 

Hydrochloric acid docs not affect it while sodium hydroxide 
forms a clear yellow solution. . A reddish brown solution is 
formed with strong sulphuric acid; but this turns yellow 
on adding water when brownish flocks also separate. 

Fabrics mordanted with a ferrous salt are dyed an olive 
green; but if a chromium mordant is used, the resulting 
color is brown. These colors are fast to light and washing. 

Gambine Y. Under this name, there appears in the trade 
an olive green paste. Like gambine R. above, it is formed 
when nitrous acid is allowed to act upon a naphthol. It is, 
however, /3-naphthol which is employed in place of a-naphthol. 
The constitution seen below shows the positions of the oxime 
and the quinone oxygen to be just reversed from those of 
gambine R. NOH 



Gambine Y. 
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These two dyes are therefore isomers, and the influence of 
change of position in the shade of the cnlor may be seen; for gam- 
bine Y. dyes a pure green, while gambine R. dyes an olive grcien. 

Gambine Y. dyes goods mordanted with ferrous salts green. 

Naphthol Green B. is a nitroso dye which, unlike the other 
members of this class, does not require a mordant upon the 
fabric to be dyed. The reason for this is that the dye is 
already united to the mordanting substance before being 
applied to the fiber. This combination of dye and mordant 
known as naphthol green B. would be insoluble and theuxTore 
impossible of application as a dye were it not made soluble 
by treatment with sulphuric acid. This transforms it into 
a soluble sulphonic acid whose sodium salt is the commercial 
form of the dye. 

By observing the formula below, it will be noticed that it 
resembles perfectly gambine Y. with a sulpho group (—SO 3 H), 
in the position 6 of the naphthalene ring and wdth the furthcu* 
modification of having the two sulphonated groups of 
gambine Y. combined with an atom of iron. 

The manufacture of this dye is a good instance of an indircict 
method. Gambine Y. is not first rnadci, then sulphonatcid and 
then combined with iron. lnstc;ad of this procedures, ShacThu'^s 
/9-acid, which is /?-naphthol containing a sulpho group in posi¬ 
tion 6 , is used as the starting point. Nitrous acid converts this 
into gambine Y. sulpho acid. NOH 




HO^S 


OH 


+ HONO 




HOoS' 


+ H^O 


Schaeffer’s acid. 
/?-Naphtholmonosulpho acid 


\/\/ 
Gambine Y. 
Sulpho acid 


Treatment of this latter substance with a fc^rrous salt 
. causes a union of two of these groups with an atom of iron. 

NO-Fe-ON 


Na 03 S' 


/\x\ 




Kaphthol green B. 




SO^Na 
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THE TRIPHENYLMETHANE DYES 

Tin*: dy(‘H of thin class w<a*c‘ uinori|»’ tiu' earliest to coiiiiiinrid 
attcutioii ill coninH‘rc(‘. Many iH^aatifui and vnliiablo hIiimIch 
of r(*d, violcdy l)luc‘y and g:nM‘n an* found anions tlnnu. !i is 
a little* more* tiian a lialf c*(*ntury nince* the tirst one* was 
di.scov(*r<i(ly and they still maintain an lioiaerahlc place* anam^; 
t.li(*ir rivals, Thi'se: <!ycH attainc*d a tcc’hnicnl importance 
long hefon* tin* chemistry of their manufacture was iinde*r.HtcHH!, 
The* empirical procesHc*,s a.t first c*mployed gave* hut niengre 
yi(*lcls a.nd tlic*n*f(U'c* increa.Hed the cost. Ah \vill he shown 
Ia.t(*r persist(*nt researcli Ihially naidm’ed the edaanistry of the 
m(‘th{HlH intelligihk*^ incn*aHe*d the yields iiml dimiiiislietl tin* 
cost to an c*xt raordinary dc*grc*e. 

On studying tla^ constitution of fhese dyi'S^ a eoiiufion 
niH*l(*uH appcnirs in flu* forniiiluH of fliem all^ and it. has %‘ery 
propc‘rIy given its name tla* class. This niicleiiH is tri- 
phanylmethane ; or sc? much of it as rcinaiiis iinsubstifiiled 
!>y those other *i:rfnjips of atoms or nulicalH \iiiich are rfa|iiired 
to devc*lop from it fla* various shades c?f the irirhAudiifd t^olors. 

Triphenylmcthaiic iniu' he coftsiderec! as met ham* in wliieli 
three* hydrogen atcuns have hemi repliic<*d hy three* pliiUiyl 
( grcjiips. In apfifairance, it is a whit** stihstunee 

which cryHtiilli/a*s in heaiitifiil piiniiiH that niell at fl.t* iiinl 
hoil at do!F. Nc*itlier cold nor cf?|cl nlcuitiol will diasolvi* 

it; hut it is readily soluble in hoi alcohol, ether, or heir/4iti*. 
On crystfillizing from its wJiitioii iit baizene. if IiaH the powi^r 
of retaining onct molecule of hmiziaif^ of crysfnlli/aif ion/' 
THphenylmetluuie may ht* prepared syntlieficaliy in fi 
variety of ways; Inii the om* <*iii|iloyiiig ehloroforiii ami 
hcnzerie m easy to iindersiitiid. \^lieii tliese siihstiiiiceM 
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iirc' broiifilil. (o^cIIht in iIh- [im-, >-1111 n: jlijDtiiium ■ tJi, 

follovviti^ rciU'tiiiii Inkc.' [ilm'r: 

OHOl;, 4- 30„H., .= 0H|C,.H I f 3HCI 

Chloroform Bwi/rnt? Ififilirft vliiiribinr 

Th(‘ calmniniuii r-hlorJiir rail'-*’- ili« intirii. uni b Ihhi, ■ n^i 

purl of lh(» pi'othirt. 

Thoill^it il. is p(i?^.*^ililr in i-laif l • uaa in 

(lyes nf thin ainl f|}Mr !; > , .4,? ^ 

a(*coinpli.shcal in a partiriflar in. , v m a hd*,% 

y{‘t in th(‘ inanufarfnrp if>rif thl ^ i 1 .1 /jmi,, In f.,, f 
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proved tlial tin* I ri|)lieii3*lfip^i|jaia- irnre 1, *1^4 ^ 

any oik* of them. 

The* enrmncTrial pronarn's no- .iTiplded e\ ujfli 

(ImivuliveH of henzeiie and «*mi io” iLh # Im m iIi 
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formula of fri|ilienylmet|iaiir ia V*litfm. a up. 
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The Thiphenylmethane Dyes 

Rosaniline, Fuchsine, Magenta. A variety of this brilliant 
red dye is thought to have been discovered by Natanson in 
1856, the same year in which the English Chemist W. H. 
Perkin discovered the famous mauve. The manufacture of 
this substance was carried on by various firms, for different 
methods of making the same dye were soon discovered. It 
attaincMl an even more brilliant success than Perkin^s mauve. 
Millions of dollars were invested in its production. A great 
monopoly arose in Franco and the dyestuff sold at one time 
for as much as one hundred dollars per pound. For half a 
century it has maintained a place among its rivals. 

Two chief processes have been employed in its production— 
one, the arsenic process, the other, the nitrobenzene process. 
The former is the older and until later years was used almost 
exclusively, but unfortunately the product contained arsenic 
acid, at times as high as 6 per cent; the latter method has 
the great advantage of giving a purer product and one that 
is entirely free from arsenic. 

Rosaniline appears in commcu-ce under different names, 
some sentimental, some derived from its source. Magenta, 
for instance, was applied to it because of the victory of the 
French over the Italians at Magenta in 1859. A French 
chemist, Professor Verguin, in the (unploy of the Renard Bros., 
who discovered it in 1859, named it fuchsine from ^^fuchs—fox^^ 
the equivalent of his firm's name in (Herman. Rosaniline 
was given to it on account of its source-aniline, and its rose- 
red color. 

Commercial rosaniline in the form of the hydrochloride 
appears in crystals of a brilliant greenish bronze luster; the 
sulphate is a crystalline powder with greenish luster. The 
acetate forms irregular lumps with similar luster. 

The dye is soluble in water, alcohol and amyl alcohol, with 
a red color. Ether does not dissolve it. 

Hydrochloric acid turns the red aqueous solution yellow, 
while sodium hydroxide renders it colorless and causes the 
color base to settle to the bottom. 
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Strong sulphuric acid dissolves the dye to form a yellowish 
brown solution; addition of water- turns it almost colorless. 
Wool, silk and paper are dyed a rosanilinc red. Cotton is 
dyed the same shade after it has been first mordanted with 
tannin and tartar emetic. 

Commercial rosaniline is not a single individual substance. 
It consists of a mixture of the salts of two substances, para- 
rosanilinc and rosanilinc. These compounds of themselves 
have no color and they can only become dyes on combining 
with acids to form salts. They arc oxygen derivatives of 
triaminotriphenylmcthanc and triaminodiphenyltolylmcthane. 
These derivatives contain but one oxygen atom each in the 
large and complex molecules. This single oxygon atom in 
each case is joined to the methane carbon and owing to this 
fact the compounds arc known as carbinols. 

Pararosaniline will be considered first and then the structure 
and deportment of rosaniline itself will be clearly understood. 
Pararosaniline is made by the oxidation of a mixture of 
aniline C 6 H 5 NH 2 and paratoluidine C 6 H 4 (CH 3 )NH 2 . It is 
from the name of this latter substance that the para of para¬ 
rosaniline is derived. Various oxidizing agents have been 
used; but those chiefly employed have been arsenic acid 
and nitrobenzene. Two molecules of aniline and one of 
paratoluidine arc thus joined as indicated in the reaction: 



2 mols. anUine Pararosaniline base. 

I mol. paratoluidine Triaminotriphenyl carbinol. 

A colorless crystalline solid 


The carbon atom of the methyl group in paratoluidine is 
the one which loses hydrogen, thus leaving its valences free 
to unite with the other molecules from which oxidation has 
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also n*i!H>v<*cl hydro^^iai. l! will hr nc>t«*(i alsr lhaf <ini‘ 
oxygen atom has foiiiicl lodyriHiit !»<*t\\r<*ri tin* iiirfliane 
carhoii ami its only rfmainiiig !i\'<lrogrii atom. Hiis single 
atom of f'arhoo is c-allofi thr methaiio em’bcai, sima* il is lh«* 
nueltiis of the molocuh* am! iMaaiuso the wlmlo 
inolorulf* loiiy he reganlerl as a molecule of mefliiuie in which 
tlie four liydro^»eri aloniH have* replacaal iiy the !ar|ier 

groups of atcauH iicjw aftaclied tc» it. 

Study cd this formula s1h»ws that a imc'Ieus of fripheiiU 
mt*thaiie is preseut and that the three miiiiio |»nm|is are 
distrihuted one fo eacdi h(‘iiz<uii* ring or p!ie!i\i group as j-diowii 
in tin* foriiiula below: 




Iriphmftmtthme 


/NH-, 

S'' 

niifiioofittfUfi*’ 


1 lie* fiiiietioii of tltf* ifiethaiie ejirlioii atoin is here cieiiiiv 
nhown and the fliree aiiiiiio groups nn* not oid) jifh\eii in 
Hf*pariife heir/.eiie rings, hut they ocrypy siiidhir pioifions, 
iiiicl tliesf* lire all upon tin* evti’eiiii* eiifls of tin* liiur/.eii*' 
cipposile lo fiiat where the iit liiehiiieiit to the rarhoii 

oreiirs. It is didifiilely kifinui tliat tlnrN* are the friie relativi* 
positions of the niiiiiio groups. The prind of flii;, 1,4 .ipviui 
later. 

Tfie true dyesfiifl is foriiiecl from this eolmir-Hs husr* fiy 
the action of an neicL The neid eiiiiiliiiies to furifi 11 salt iiifh 
the* eliiiiiiiittioii of water, mul ftie ni 1|. tlms pnidneed In flii* 
dyesiiifT itself. Miiriy different tliisiriVs havi* l«*eii iiiiiiiifniiief! 
about tile Ktriietiire of the iiiuleeiilf* wdiirli roMilts friiiii ilie 
«*pariitioii of water mid the forfitalion of the salt whieit h 
tlic! j hilt till* follfiwiiig ill!t exliiliiis the slriif'ltife 

now chiefly iiiierib<?il to parnrositiiilifie. 
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the produci with alisoliifr alealiol, they netually cditnirM’d 
triph(‘nylni«*thaiii* urc'ardiii^ to tli«* felhiwiny; reuetic^iis. 

yOnH.iNH;^ • HOI ---01 

HC^OjjH^NH^-HOl + 3 HNO 2 = HO—0|,H4N'-N-«.-0i + 6H.,0 
\0r,H.|NH.-H0i \0 ^^H|H:t:N« Cl 

Pmralejicaiiiline. ccmipiHitid 

XrlamlfKitriphcnyl- of lri««iifiofriplienfi- 

methane methttiw 

yOr,H|N=M— 01 

HC^0,iH4N=N—Oi + 30„*H,,O 


-'ll-— 

\O 11 H 4 N~N —01 


: HO^OiiH;, 

Trlphfoylniefhaiie 


3O..H|0 


TIiuh ill two operation,^ nil tin* liitroginiH won* oliiniiintnl 
nini tint hydrof'iirhoii tri|ilii*ii\‘ltiietti,*iiif' .hIoui! revinileil n?4 
thc‘ foiiriclntioii of tliin ctf 

But thoHo inventflid not ri*^t liore: tfioy ttinlioil to 
rmnivort triplioiii'lnietliitiie Imrk info the fnirnlinirafiili’iii' 
liiid thiH iiifo pitrnronniiilifii*. Inhorn toward end 

worn aii«I tin* follcnviii" renii ioiin I heir 

lliOtltCKi. 
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into a triiiitrotriphiTiyliiiotliiiiii*: 
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Triphtnylratlliftiii 


/0,(H,N0.. 
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XOnH.HO,. 
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In thi^ (‘ompoiind tho two liytlroxyl groups occupy the 
positions uf two of the —NII 2 groups of the pararosanilirie, 
and as those hydroxyls are known to be in a para position 
to the methane car])on of this compound, the —NII 2 groups 
must likewise have be(ni in the para position in the para- 
rosaniline whence it came. This proves, so far, that at least 
two —NK 2 groups out of the thr(^e have the para position, 
l)ut nothing in rc'gard to th(^ third. To proven th(i position of 
the third involves a somewhat indirect but still <x)nclusive 
line of reasoning. 

Second. By acting upon benzaldeliydc', with two inolcMiules 
of aniline, there is produced dianiinotriphcniylnicithaiK^ shown 
hero: 

/CoH,, 

C 0 H 5 CHO + = CH=(0,)H4NH2)2 + H 2 O 

Benzaldehyde Aniliae Diaminotriphenylnie thane 

By heating with water and fusing with caustic potash 
this diaminotriphenylntiethanc is conveuTed into dipariioxy- 
benzophenone by the reaction indicated below: 

CH(CGH4]SrH2)2 CH(C5H40H)2 CO(CcH4(>H)2 

Diaminotriphenyl- Diorytriphenyl- Paradioxybenzo- 

methane methane phenone 

In this compound the two hydroxyl (—OH) groups arc 
known to be in the para position to the methane carbon, and 
therefore the two arnino (—NH 2 ) groups which were replaced 
by the hydroxyl (—OH) groups must have occupicxl the para 
position in the original diaminotriphenylmcthane. 

Third. If for the condensation with aniline, we selcHjt 
in place of bcnzaldehyde, paranitrobenzaldehydo, then accord¬ 
ing to the following reaction there results paranitrodiamino- 
triphcnylmethane. By reduction this is converted into 
paratriaminotriphenylme thane. 

We may now be sure that the third amino (—riN 2 ) group 
in triaminotriphenylmethane occupies a para position, because 
it was already in the para position as a nitro group in the 
paranitrohenzaldehyde employed for the reaction. Thus 
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rosjuiiliiH*: sonic chr\'sanili!H‘, excess of arsenic aci<| aral 
resinous suhslances also go info solution. 

Tii(‘ insoluhh* residue ('onlains innnvaniline, violaniline 
and (dirysanilitie. 

The* fillc*n‘d solution of flu* clye* and its soluble iiii|iurit ies 
is tnaifeal with a large* <*\cess of eoniiuoii salt, d’he arsiitiafi* 
of rosanilinc* is df*conipc»sed fiy tin* salt forniing liydrocldoiide 
of rosanilinc* and sodium arseniate*. Tin* strong salt brine 
fnun fin* c*xcc‘ss of salt causes | ho colorinji!: inaltcu' to se|iarale 
out. dliis use of a, solution of salt to precifutate a dye is called 
“salting out It is of very frequc*ril use* in tInmlye iiidii?'4 r>. 

Tlic* |>rc*ci|)itated rosanilinc* c*ryst alii/a *d from wat<*r, 

and it may be* n‘dissoIvc*d, salt<*d out again, and rec'rystalli/ed. 
Tile mothc*!' licfiiors contain an impure rosnnilini* and they ar** 
workcal up for iiifc*rior grade*s fchrysaiiiline, cau’ise, gcraiiiiiin, 
The* yie*lel of rosanilirie* is nlaait 25 12 pe*r cent of flic 
amenint dmiiamied by the* theory. 

The Nitrobenzene Process. Tin* prc%doiir4 process ahvjpvs 
gave a poisonenis profliie*! on acaaiiint of the arsentf' 
was rctaine*d: siim<*tiiin*s as liigh as b per cent in luiide 
manufacture. To oliviiite» this clisadvaiitagf* nilrobeir/ene and 
ferrous clilnrieie* we*rc* made tti replace the* arHiutic* acid ns an 
e>xieii/Jng The ferrous chloride* with hydreichloric acid 

is oxidizcel by the* nifrobenxeiic to ferric chloride* ninl fliis 
the*ii oxidizes tin* uiiiliiie, tin* nilroben/Jiie tint ciitcriiiy into 
the* formation of I lie dyco lo ICMI parts of iiniliiie oih tivo- 
thirds of the* e|iiaiitity of liyilroediloric’ af*id ii«*ce«sary for 
Hat4iniiioii is aelded aiid of) parts of nitrtilieiizcne. Up* 

mixtures is heuited and ngitafed: iiieiiiixvttilig li to o purls of 
iron filings are gradually atlded. Tlic sepfirfiiioii td rosiiiiiliiie 
m acc*oniplislie*d as in the nrstmic priicess. C oiCHidia'aliif* 
hiduliiK* rcHiiliK jih a by-jir«i!iict, hut. no clirysiifiiiitie* A 
iimch purer remaiiiliiie is proiliiceil liy this process mift oip* 
entirely fn!e from itrseiiica Thin iiiiviliod is iioxv aliiiiisi 
exelunivedy iweeL 

Formaldehyde Process. Forriiitlilefiyde bus been umni in 
fumish the ineihaiicj earlKiii of rosititiliiie. It fnrifm with 
aniline an iiiiliyclrcjf(iiaTiiiIdeliyilciiiiiliiie wliicdi when Ireiifed 
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with more aniline forms a rosanilinc. The method is capable 
of easy production of substituted rosaniline, by taking 
substituted aniliuc;s for the starting point. 


Constitution of Pakarosaniline Hydrochloride 


Three constitutional formulas among others for the dye 
pararosaniline hydrochloride have been proposcvl^ which have 
had their stout defenders. 

1 . The one proposcul, and stoutly maintained by Rosenstiehl, 
exhibits the chlorine attached directly to the metham^. carbon 
atom. 

2. That proposed by E. and O. Fischer has the chlorine atom 
attached to the nitrogen and the valence which in Ros(ti- 
stichlks formula holds the chlorine is also attached to the 
nitrogen, recalling the older formula of quinone. 

3. Nietski’s formula resembles Fischer’s so far as the 
position of the chlorine, but the fourth valence of the methane 
carbon is attached to the nearer end of the benzol ring, 
carrying the nitrogen and causing a readjustment of the 
valences in the ring itself so that nitrogen is also held to the 
ring by two valences. 

This arrangement, in accordance with Fittig’s quinone 
formula, is called the quinoid ” linking. The latter formula 
is now largely given the preference. The following formulas 
clearly exhibit their several differences: 


/O 6 H 4 NH 2 

C^0tjH4NH2 

I \CGH4NH2 
Cl 

Rosenstiehl 


/O 6 H 4 NH 2 

C^06H4NH2 

|\06H4NH201 


£. & O. Fischer 


/C 6 H 4 NH 2 

O^C(iH 4 NH 2 

^C(iH4=NH.HCl 

R. Nietski 


Constitution of Pararosaniline 

Considerable proof has accumulated to show that the para¬ 
rosaniline, which has long been regarded as a carbinol of the 
following type. 

/C 6 H 4 NH 2 

H0C^C6H4NH2 

\ 06 H 4 NH 2 
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has an isoinni* in tin* form nf an anininniufn ha>n willi tin* 
hydroxyl,jint joiinal to tin* riH*tliaiH* (‘arhon, Imt lo a iiilniynn 
atonij thus forming* a true aniiiiotiiuni haso as shown hrhiw: 

\ 

PfirarMiimlinr, 

(Ammcinlum hiitiBi 

Flantsfh maintains that tin* dyos am n‘a!ly salts of lids 
ammonium f)as<‘ and not of IIk* narhinoi liaso. and tfial flm 
narhinol base* is tratisfoninsl into fin* arimnniiiuis baM* bofoi'o 
it can {'ombinc with an a(*id, cliniinafiiiii wafer, to form a 
salt and d(*vclop tin* pr(j|»‘r!ics of a <l\‘c. lliis would nialo* 
ih(‘ r(*arrangcmcnl of vaiom'CH to fcu'iii tin* ijiiiiioifi liiikttin 
afiUH'tion of I lie color base insload of ihi* salt or ilyo. 

What has b<‘cn said of the rolalions of I lie jairarsooniliiic 
liydrocldoridc* in its ri*latioti to I lie eolor base* and file leiiro 
baset may be* applied to ni.^aiiiline itself ami lo ifn* whole 
class of tnpii(‘nylnict bane dyes. 


Lma’d Bask^ Hahk, FAicAiarHA.\*if#i\r, 

Tlu^ two tcu'iiiH Imnai base and eador base nn* hut ft iip|iiiciible 
to d(‘rivative*H, not cnily pariirosiiiiiline, but lo rfimiiiiliiii* 
and to a large ntiniber of coiiipoiuids iiiaiitifiictiirefl I'loiii 
both of them. A e’cnisideralion of the ineaniiig of fhe feniia 
as applicai to pararosiiiiiline will make llieir iiieiiiiifi|r r|eiir 
whem applit'd U> any other one ol tliis class of five-. Xeititer 
thc^ lc*ma> base* or the? color base of piirnrosiifiiline Ims any 
color at all, and the <iiiiy liifferent'e in eoiiipiiNiiifin m ilmi 
the Ic!ue() base* ecmtaiiiH no fivygen wliili* I la* eoliir bitse eontaiiis 
one atom of oxygen. Flirtiierfiiore, both bases fnrifi anils 
with acids but with this flifff*reiic*e, tifal. the suits of tlie leiieo 
baH(^ arc* ("olorlesH wiiile the salts of flie color biise nre cidored 
and form thc^ rc*ftl dyess. The gemnic of the iliree 

substances will b<» appiirerit from the followiiig 

YVImui an alkali is addf*d io a Holiition of |iitriifysiiiiiliiie tin,! 
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New fiichsine is made from ortliotoluicliiic the now 
fuchsinc process. This process employs formalclohydo to 
furnish. Ike methane carbon atom of the product instead of 
depending upon a methyl group of paratoluicline as in the 
usual method. Formaldehyde is condensed with ortho- 
toliiidino to form anhydroformaldohyde-o-tohiidinc. 




Fomaldehyde Aniline 


CH2(NCf;H,CH;s)2 + H2O 

Anhydroformaldehyde-0- 

toluidine 


By heating this product with c-toluidiue and o-toluidine 
hydrochloride, a rearrang(unciit of the inohuaile takes place 
and diaininoditolylmothane results. 

CH2=(N'06H4OH;d2 + CnH4(CH3)NH2 = 

o-Toluidine 

CH2[CfiH4(CH3)NH2]2 

Diaminoditolylmethane 

‘When this latter substance is hcatcMl with c-toluidinc liydro- 
cMoridc and an oxidizing agent new fuchsine is formed, the 
formula of which is given above. 

New fuchsine has the advantage of being more soluble 
than ordinaiy fuchsine or rosaniline. 

Hydrochloric acid in excess turns the solution of new 
fuchsine yellow, hut on diluting with much water the original 
color returns. A. bright red crystalline proxupitate is deposited 
on boiling with sodium hydroxide. The solution in strong sul¬ 
phuric acid is yellow, which the addition of water changcis to red. 

Wool, silk, and leather are dycnl a rosaniline rcul, which is 
brighter and of a bluer tinge than the usual rosaniline shade. 
Cotton mordanted with tannin and tartar emetic (potassium 
antimonyl tartrate) is likewise dyed the same shade. 

Hoffman’s Violet (1863), Red Violet 5R. extra, Violet 
4R.N., Violet 5R., Violet R., Violet R.R., Dahlia, Primula R. 
Under these names, a variety of shades of viokit have in the 
past appc;ared upon the iiiarkth'. Some arc of reddish, others 
of a bluish violet hue. What the shade will be depemds upon 
the process of manufacture. Any particular shade will be 
a mixture of methyl or ethyl compounds of paraiosaniline 
and rosaniline. 
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cuprous chloride* unit<‘S to form an insoluble* (‘oni|)<uiiHl uilli 
tlu^ (ly(‘siun' as it is produccMi, Hu’s was foruauiy dccouipccsMl 
by hvdroyyn sulphide* aiiel the* soluble* el\‘e* se‘pa!‘af**<1 treuu the* 
insoluble* e*oppcr siilphiele*. At pre‘se‘iit |e*rrie' e'hloriete* eie*c*(»in- 
pos(‘S the* eleuible* salt chari^in^ the* ciipreais to e'UfU'ic e•hlo^iel<• 
\vhie*h re'inuins in the* inothe*!’ liejueu* while I lee rne*tliy! violet fi 
is pre‘cipitate‘d by the* elisso!v<*fl salt. 

It is ne>t known what spee-ial functiem the* pheuiol e‘\e‘reis<-.s 
in the* pre>e*e‘ss for ine‘tliyl viole*t li.; but the* \he‘hl is tor seHiK* 
re*ason |»;re*ate‘r tluui with tlie* ae‘e*lic acid if replac<*s. 

I)inie‘thylaiiiline‘ wendd not s<*e‘ni te» furnish any methane* 
e*a!*hon as a !ie‘ce‘ssary runh'us; !>ut it in fae*t yiehls one* e>f its 
ine‘thyl ^re>ups for this purpeese*. 

Hie* r(‘action may pi’oce*enl as follow.*-: 

30,iH-,N{0H:5|. + 30 + HCl = CHj|, + 3H:,0 

Bimethylanilme Methyl violet li. 

It is of interest fe> neite tliaf oxidation eif tliiiiefh\laiiiliiK' 
will ne)t take* plae'c in aeiei Meliitieni with leiwl peree\ide, 
mangnnc‘sc* elioxieh' or e'hromie* ac*ieb In e!ir«*e*i tamlrast, to 
this, is the* successful oxidation of elinietliylanilifie in eom 
junction with te*l raim‘lhyleiiaiiiiiioelipliiuiyliiiet!iaiP* to form 
the* same* elye iiie*!liy! viede*! B. 

!\I(*th}”l violet B. is a, shiiiiiii*: meliiilie orren powder wtiiefi 
(‘usily dissolves in wa,t«*r or ah’ohol to a violet suliitiom Silk 
and wool are elyeal dire*i‘tly ami rot ton after iiiorditiit iiig mitli 
tannin and tartar eincdic, li is frei|tieiilly iisefl with oilier 
e'olorH to improve* an*! bexaiitifv the sliaele. 

Ilydroclilorie' acid pre)eliie*es first a blue color, flien a green 
and by adding nmre acid a df‘e*p yelloivi^'ti brott'in Ho«liiifn 
fiydreaxide* causes a bremnisti reel cohir aitd ii iireciitiliifmit 
of Ihe^ color base*, of the* same lador. It liisHCiIves in sfrong 
sulplmric acid with a ycllciw color ivliidi the gradmil itiltlifioit 
of waiter turns yedlcrwisli gri’cm, I lien greeiiisli Ulm^ itiid iii 
last violent. 

Tlici actual elye cfuiiaiiis also lif*xatiietliy!|«iriir<fsiifiiliiux 
and the inorcj this Intteu’ coiininneiil is jiresent, tlmf is the 
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Ethyl viol(‘t is a|*:r(‘(‘ii crysialliiic^ powdrr wliiciuiissolvc^s cjisily 
in water to a violc*t him* eoior. Wool, silk, and emotion whic'h luiH 
bc(*n mordant(‘d with tannin an* dye<l from a lnkc‘«wanu Ijath. 

Hydrochloric acid turns thc^ a<|m*otis solulion reddish 
yellow. Sodium hydroxick* produces a |i;rayiHh violet preclp- 
itaUt which on h(*atin^ m(*lts to|^(*th(*r to form a brown oil; 
the solution b(‘comin|^ in the meantime (*olorIesH. 

Th(i dy(* dissolv<\s in .sulphuri<* aai^l to hu’m a Imownish 

ytdlow solution, which is ehaii^’(*d to |^rei‘n by ilit! ad«iitioii 
of a liberal amount of water. 

Methyl Violet 6B. (1868), Paris Violet 6B,, Benzyl Violet. 
This is th(^ blu(‘st shade of tin* nic‘thyl viok'ts and the mark fHk 
stands for a dye* in which the blue slia^k* is flu^deepesf of the 
conun(*rcial brands. M(*thyl vioI(*t itself in a mixture of peiita- 
and h(*xamc*thylrosanilin(*. Xow it has !)een found that benzyl 
chloride, (.YEf^ElbjEh will ri*aet with methyl violcd,, prcaliicing 
a suhstanet^ cmrich(»d by a lamzy! ^rotip ((idb’iCTh*). 

Formcu’ly it was Huppcised that tlie benzyl |U‘oti|» wilh 
eapiiblc of driving out tin* methyl i^roiips already estiihlislied 
in th<^ mol(a*uk‘. (), Fischer has proved that no metliyl 
group is disturbeal, nod that it is hydrogen alone which 
remaincKl imrepliicctd in an atiiiiio group which ciiii bn 
exchanged for a bcmzyi group. 

Thus it will at once la* understood why it i« thiii lii*xaiiif*t!tyl- 
pararoHaniline, 11 coiistitiieiit c^f inetJiyl vioI<*t, coiitiiifiiiig no 
hyclrogcm in its amino groups, camiot react with benzyl elilfiriilii 
and HO enriedi itself with a benzyl group. Ikaibiiiiethylrosiiriiline 
can remei by exchanging its siiigie umkm liyilrogen hir 11 
benzyl group, which itevcdc^ps a bluer Hfiinlif in tin,! dye. 

The constitutional foriiitila m uliowii below: 



< ( y »(OH3).(OHaOoHft) 


=M{0H3)a 
Oi 

H«tbjrl 68. 


c> 
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Ah th(‘ infhH‘n(*<‘ of inothyl i^roiips onloriui!,' Ilio r<*d r!i»>li’' 
of pararosaruliiK^ is to produrc* first a vioiof and tli<*n 
a })lu(‘r sliadc‘ in proportion to tin* ntnn}H*r of niothyl groups, 
tliis dy<‘, ('ontainin^i: tin* inaxiniuni niunhor tiiaf nan possibly 
(‘ntc‘r tin* niol(*c'ul(‘, ^ivos in dyoin;^ a puro a,ml vor;; idm* 
shad(‘ of vicd{‘l. 

TIh* (lyc'stufT appc*ars as hroii/a* .tdisloniny’ rrystals, wind'll 
(aisily dissolve* in wate*r and aIe*<ihol to a viole*! him* rc»lor. 

Ilydrochlond* ac*i<l <‘ause*s first a, e*lianyo of shade* to him*, 
tlH*n |'*r(‘c*n and finally yolhnv. A violo! pri*ripitaf«* falls on 
adding- raustie* soela. Stron*^- snifdnirin anid forms a ycdhiw 
solution of the* <ly<‘ wldrli tin* addiliem of \vate*r ,^a‘adtially 
(‘onv(*rls to ^rnon, him*, and lastly !<» violnt. 

Silk and wool^ and tanniii-iiiorelantod ootlon am dyod a 
bluish violf‘t. 

Anoili(*r mot hod of formation rornists in I ho oondonsal ion 
of ono inoloi'ulo of totraiiicthyldianiiiiohon/Jiydi’ol miili oiio 
niokanilo of diniotlivlaniliiio. llio hairo haso thus prodiioofl 
is oxidizod and tho h\'drfH‘iiIorio a<'id sail forimsl to dovolop 
tho <lye*, Hon*, as hoforo, tin* .six iiiolliyl ;i;r«Hips ni'inlod an* 
providc'd in tla* factors of llio naiotion as roprosoniod lit 4 u\\: 


OHOH 

'So„H,N(OH..s(., 

beciitiydfol 


I>lfii€lhylafiiliri« 


C Ixuliition 
iiml the* salt 
violed (if the* 


in ac'iel sediifion 
wmild ho foriiioei, 
dvea 


y/Of|H|Nf CH;ih 

HO—+ II.O 

Ltttcti Imm I Crpfil 

loVf'lop flu* fsiliir lia»'iO 
* do%*f!opiii^^ f!io Idiiisli 


i\ciiiid 
at 


oiii*i 


\o,H4H(0H:jb 


+ O + HOI 


teuco bai® 


Cl 


H.0 


Methyl Green (xSyi), Paris Green, Light Green, Ihnjble 

Green. Mothyl violet is tli«? banis of itathyl grtcn; |„r, 
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on llu‘ foniH*i\ whirli Is n hi-xaiiH'tliylparanM.'iiiilini'^ 

witli nH‘thyl c4i!onil(% an nddilicni cjf a iiii*fliyl »ruiip and a 
(diloriiH* at (an takc‘s placa*, forming a lifplaiia*! !iyl|ianii»ts.aiiiliri<*. 
A ("han|^<‘ frcau violet. tc» ac'eoiiipaiiieh I lie cdiaiii^i* from 

tJa* hexamcthyl to tin* heplaiiic’tliyl ruinpiaiiid. 

hi th«* maiiiifac'llire, it Is niily iieia'H.sary to puss liie vapor 
of methyl ehha'idt* t!iroii|ih a Hiliitioii of tiieiliyl violet in 
alecdml kept at n leiiiperutiire of If!’, and ihf’ itniiiyl eliloride 
dcM'mnpoj 4 iii|r attaeh«*.s !»otli ilf^ ifif‘fti\l ^o'lttip aii*! ehloriia* 
to a dime!Iiylnmiao lifoiip of the ilyenfiiff. llie aleoliol in 
c'areftilly di^tillfal off, wafer add«*t! to di^^oihe I lie proiliiei 
ami !)y adslitioii of rlialk and nail the iiiiili\! in pre- 

eipitaied, hiivini^ it eoiiipoHitioii i^liomii hy the fnriiiiila: 

|0H;ihOl 
'I OH if,Cl 

Mr.llifl irrrti, 

Ilrplifiirtliflftfifi 
f liErtiie 

The /Jar ehlmifh* ilollhh* silf i. fit«* liior4. rciiiirnori eiiiii- 
iftereial form; it lippiairn in ery^laD. 

The dyc^Httif ili.HHoh'oH eitxily in wiilei; ii ,«pfit oil will 

turn violet on drying iiiid hiaiiiiigp elrofiidy iiiflieiitiiig t% 
Kepiiraf km of nietltyl ehloriilf* iiii*l n iev*aierntioii of iiiefliyl 
violet from w}iif‘ii if. wm^ foriiinf. Thf- ily«e4iiff Inatfeil fm 
119 rifP gritfliiiilly ioHf^H liiolliyl elikirklr iiipI ltrrmm*n violet, 
TliD projfiily Ieiid« !« nil li for if it |Mirlioii 

of the green liiiiieriiil oil iii !2lf liinw iiiidJiyl 

green wim flit* origiiiiil of tin* dyf^dl|ff. 

The iiiiire* iiilmiM'. eiilorilig poii'er and rlit^ajiiir^ ? IiiiJ4 ratii^fal 
iiiiiliieliilf* prf*eii fo it!iiioJ-4 foiiiji|f‘fely rojilnre iiii'tiiyl gremi 
in ilie 

Methyl ¥iol 0 t, iM im iifipfirity of iiii'lhyl areein iimy Imi 
fleterieil tiy nliiikilig flit* ilyewtisfl %wf}i nifivl nleolioi, ll■|if‘reill 
the iiietii}'! vifili*! Hiliilde itiid eiiinniniiiniti-'e if?- niiii 
eolor to th«* Mdiitinii; flit* metfiyl jireen iiiwiliihlia 

Here in an iii«!iitiee where 41lc iiiity hi^ 4yr4 gr»-eit ilirerlly 
bill wool tiiiwi 111 * ififinhiiileil by iiiiiiief/itig ifi a Iinfii of 
micliitiii liy|io^iil|itiiif: reii4eri!«l m lliiil the fiiiidj tiivHtici 
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sulphur luay iiiipru^aali* tlu* fibr<% a niunlanf; tluui 

thci wuol will taku llti* grufii rcilor. *raiiuiit-iii(»rdaiit«*<l 
is (lyc»d gm*iu 

Pirric* uridy C*f|If 2 (Nd) 2 ):iOH, furriis a solultk* prrcipitnti* iii 
ac|uc»(Hi8 Hohitioii; it iu almlud, howpviT, and is 

kmavn as ‘b‘»^pint-?^iliihli* yTf'fri/* 

Ethyl Green (i 866K if viok*! trfnt«*d iiitii rfliyl 

broniidu, ait iiIiyHu*.\aiiiulliylnK^:ifiiliiii‘ is foniird similar in 
its prupf*rtii*H aiid rraiiiuiis t<i iiuihyl ami, a?-i a 

nuittrr of fiifi, it was diHfaivonal fivo }'i*ars hoforo iiif*ttiyl 

gnaai. 

Aniline Blue (1860), Opal Blue, Gentian Blue 6B,, Fine 
Blue, Hessian Blue. Wlioii paniriisafiiliip* (and rosaiiilimd 
an* trofiloii ivitli an i‘.xi’osh of anilifio in tlio prosoitro of Itofi/.oio 
arid, I ho liydn^Kmi at4iiiiH of tlio aiiiiiio i^roiipH aro 
roplarod, foriiiiiig tin mo-, di“, and trifilioiiyl drriviifivos «*f 

of paranisafiiiitit% wliirlt rosult. arrordiiia to Ifn^ loii|.^lli of 
tiim* roiistiiiif*d in tlm priiross. Fiirost aiiiliiit* rliariiO’ 

iorizod as opii! hlis«% is a triplioiiylpariirosiiiiiliiio, 0111 * |tliiii)d 
group distribiiti'd to mtidi aiiiiiKt gr<»iip as slioiin in tin* 

following fiiriiiiihi: 

I 

oi 

Aniline Oplrll 
llfiwiilofiii fil Iftplwfif 

Throe plieiiyl groups are it!i iltiit I'liii In* iiilriplitm! ifito 
the jiiimrositiiiliiio (or rosiiiiiiiiir) iiiuirriilr tiy flie prorrss of 
maiiiifiietiire deseribed bi*low. 

Wliiui only oiif? or two pliriiyl groiifw ifiiter ilu* Iiirgor fiiiili*- 
eiili! the* «liiidf! iiielirMss to 

During till! riiiimifiiftairi!, tlio niiiitio grotifi id llu* 
whirh iM to furnish llio filtering plteiiyl groiiiu esfuifies iis 
fimiuoiiia. The fiiriel.ioii of llio beitzoir aimi m iit#Mriiri% 
Ilcmriiliiio, witlioiit ifio arid being pri'^siuii, iliifH mil.- roiirt 
witli aniline ami yet a v«‘ry siiuill iiiiittiiiil siiifirmiit lo 
faeilitate the proeew, At ttw* oml of llii* roiirtifui liir iirfi4t.fif? 





roALTAi: hu:s 


r(‘inaiiiH aii'l 1 h* rpfu\*rri*fl l»\’ fh** la-i* nf nn 

alkaline* .s<»luti«at with Injl >-li;i,!ii !«♦->. 

Vet the eniplnyiiH'nl of a larjier afiiDiiitl f»f aei*! ikii*M liuf 
liast(‘n the f>!icn\*laliei! uf flu* rnsaiiilim-. !»iit a larger 
of aniliiii? Urn tinir:-^ IIm* Ilieorel iral aiiaainf i fiiii-- lia-aeii 
the ar'tinii and fhii.'^ navi* linie. It a!'''e lia- diie I'l'fVil of 
niakiiai!: the prufluel eniirel) a i ri|tli«*ii)! neaiiiliiii- free from 
the fitonnplieiiyl and diphenyl eoiiipMiiitd,^.. 

If hi;.*her hoiiiohl'iiie.s of aniline an' p!e.:*^iiil, a reiidi^ti 

ahade of blue rer^ull,.. So Iiere-r.;iry !,- pure aliililif for I hr 
a!laiiiiiienl of the piiri'“'4 bhn*, lliaf a -peeiall)’ preparrij 
is iiiadi* avaihdile in eoiiiiiieree Liiowfi u:- aidhiie for biur. 

Wlien onliimry ro.Maniline uhieli eoiitaiii"* botli iiarnnemiiiliiir 
and nrsaiiilifie i.*" iiH’d, if h'^ foiiiifi thal ihe fmiiim* af’t|iiire> 
the pljenyl i.p’oiip.'^ inure i|iiirkl\ fhaii iiiidier liofiif»hi«riifn 
if tin* openitioii te piir-ln'd to fhr eie! iiiilil the lero'iliililn* 
liioleeille m llf-elf eiilitplelf'i\ phili\hifed, tinii roiiie of I ri ■■ 
piiiitylftnraro^fiiiiliiie fointed in hniiid to ha,ir iiiiaifi 

while partlv d<'eolll|niaed. \ py|<‘ lillie i.- iiol iri’dlv olifai||i*d 
from III*' 

dlie eoiiiitiereial priiee^'-- i'* ejiiTii'd oiil in an ii'ini lieflli* 
providt'd with a atirrer aini a *lh'aiilatiuii oiiifit. \ iiii\liire 
rosiiiiiliiie liiiHi*, biii/Jtie arid, nini iiiiiliiie h* f*liarir:ed info 
the kettle iiipI the iiiao.. hritleil to t!ii‘ friii|iii*afnn* of bniliiiir 
Itllililie. tSiiiee I lie of reaiiiiili i-N riilureii, ili4. |iro|.ereHa 

full Im* df*teriiiiiP‘d by dn* *|!*%adopiiii*iit of fin* A 

p’Hi iH iviiliilriiwii and rli^Molvf'*! in alia»liii! aridifn^d 

with Mfeti<’ Ilf id. W'lieii iii'%'rltip« ili*' projier idiiniin dn* 

priireKH In iiifi*rrii|ited. ld«i lir^tt 11114 iniiiaef^ n |nirti«l 

dc'emiUMmilion of tin* Fmiii tirn it* finir 

lii*aiiii|4 tir-ttaily lln* fiartiiilly iieiii.nili/ed 

ivitli liVilrofltlorif aidd, wliieii fniiio*ai llie aeparnfi*iii uf lire 

Iiydr«r!tliiride of t ri|i!iiniyln»eri,fiiliiie nliiirinl rlieiiiieiilly puny 
while the ruin!ion of nriiiiiP* !ii nniliw* rlilfiridt^ kei^pK the 
iiiipiiritif'H iti Holiilkiii. 

Tlii?4 jirnfi*ri4 }iii?i f‘f»jii|iii.'liiy .^iipfnorilf*#i tfn* ime |irii*|iiriiig 

II iiifirr* iiii|iiire jirotliief iiiid reiiioviii-n f|ii» iiiifiiirilif'ff willi 
Tin* imver i!*iiviitiv«*;^ of lire 
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soluble in alcohol wliile the. triplic'iiyl compound is in¬ 
soluble. 

The hydrochloride salt foimis a bronzy powder: the sul¬ 
phate or acetate is a bluish powchu*. The dyestuff is insoluble 
in water, but the ac(itate easily soluble in alcohol, the sulphate 
and hydrochloride with more difficulty. 

Hydrochloric acid causes no change to the alcoholic solution 
of the dye. A brownish red shade follows the addition of 
caustic soda to the same solution. It dissolves in strong* 
sulphuric acid with a hrownish yellow (*olor: the dilution 
of this with water prodiiec^^s a 1)1 ue pr(U‘i})itat(‘. 

Aniline blue has ])een employed for dyeing wool, silk, and 
cotton: also for coloring papc‘r ])ulp anti la(‘([U(U’s. It is 
principally used for convtu’sion into a soliihh^ siilpho acid 
derivative hy treating wdth sulpliurie aedd. 

Biphenykmine Blue (1866) (spirit soluhk'), Bavarian Blue 
(spirit soluble), Direct Blue. Oxalic acid acting iijx)!! 
diplicnylamine, (Cell r,) 21X11, produces triphenylpar*arosanilin(\ 
It differs from aniline blue ])eing a pure triderivative of para- 
rosanilinc, while aniline blue is a mixture of triphenyl (kn-iv- 
atives of both pararosanilino and rosanilinc (while mono- and 
di-dcrivativos may also he present). 

The following equation exhibits the reaction: 

SfCfjHDaKH + C2H2O4 = 

Diphenylamiae 

CO2 + 3H2O + CH(C„H4),.,N3(C(.Hr,)3 

Diphenylamine blue 

Washing the product removes any uncliarigtul oxalic*, acid 
and boiling with alcohol removers any dipheriylanune rennaining. 

The residue is converted to the hydrochlorides salt and 
purified. 

Diphenylamine blue is of a finer equality than aniline blue, 
but more oxepnsivc. Its constitution appears bedow: 

yC6H4KHCeH5 

0^05H4KH06H5 

^OgHiNHOeHs 

I 

Cl 

Diphenylamine blue. 

Hydrochdorida of triphenylrosanUiae 



COMAWll l)VK8 




Its cost is frniii ihr fa<'t lli.'il «»iil3 Jihiiiit HI |if‘r 

coni cjf lh<* cli|jln*nyl.*n!iin<* artimll}’ ruiiviTli*il ijitci rulor- 
ipL^ niattar by flit* pnjn^s. 

The* {lv«*sturf appaars ns a Hruwii pinviim*. It i-* ifisf»Iiihk» 
in watar, spa!'hi;ijy Miliihir irt rnld Ihi! i*asily iii hcH. 

Thi* ranc'tioiis with arid aii*l nikali nrp similar fu flmsp (nr 

anilin<‘ him*. uriH !ik«* that ilyi* if U aliit'liy rmiviaiffl intc* n 
Hoiuhla blta^ <ly<‘ by acniv<*rsiini iiifit a siilpho ai'id with siiH 
pliunV ariil. 

Night Blue IlSSjly is tn ilia t\l‘P |}|•^*rlaiif|g ilvfS, 

ill so fur as its iiiit'loiis is ilifilii*ii\ liiaplifli\liiniluiitr. It 
is priHhicaal uliofi lot liliiiiiiiiif»l«ni/s>p!iiiioiii» oliluriili* 

ac'ts upon pnralol}i*o•■"■iiaplilii}iaiiiiiii* ns 

OOI 2 + 0ji|H;MC|,H|CH4 = 

U^nmphm%m§ chlrirW# 

0 --C„H,N (0 H.»,. + HOI 

I 

WigM tiitt# 

A piTiilifir property nf this ili'o is its bioilify #if furriiiiig 

ifisohililo rmiifimiiiils with *lyt*s, ion., jiiorir iiriil, 

fiiiplitlini yi^llow B.t liiii! liiaiiv fillirrs. It iiiiiy f#ii tliw 
fifofniiit ho iis«*d 1*1 i!it*so i1vi‘h f|iiHiililiif 

Xiglit lililf* tmm ifs f*t its I’Sju^riiti llfl*li*r 

iillific'iiil illiitiiiiiiifiiiii. it iiroiirs in rtiiiiliinm* its it vifilii 
pfiwilnr witli 11 lirfiii/a* lust ns lii mmliu" iii«.si#ivnf4 iwily 
wnfli a vialof. bltif* onliir, iiti4 silk nrr ilywl a v$*ry 

s!i;tfii‘ of bliio miiif’Ii is fiiAt I** smifi, liiit liiiffirliiiialrly 
fiigitiin* Hi liyiil. Ify*!rm’lili*rif* lu'isi u firnrljiititin ill 

«f|iio<iii"4 Hiiliitifiii, blit fiirflit*r a4«liti*tii of llio aohi oriiiKn« il 
to fiissiiK'o III II yolltiwish lirini'ii Mtitiiiiui. 

C’liiistio riii|sr% flit* lailiir bnso to full ns it jiitin ri*i|iii*i|| 
hrmvii iirooipifiiio. It ffiriiis u yi4l*i«‘i4i sultilpui iti 

riuirnti!riit4‘il siiljiliurir mill mliirli first tu iiiui 

tlieti ill liliiti liy ititiiiiig iis'itnr. 














IIMI 


('(»\1. TAlt i>vr,s 


free cohtr baw wliicli M-lth's. i.iil as a n-iMish hrnwii [trc- 
cijiitati'. Ai'ctii- ariil will |in-vciit ihis •Icctnupo.'iiimi. 

'I’lu' !iil<lilinii oi' Milpliiii'ii’ a<a<l III ill a(|n<‘i»u.>i saluliou 
I'Unis if i I’liiii i ilui ‘ I * 11 ! ri ‘I'll u HI I I Ill'll 1111 ii aiiifi ‘, 1 lUi f Iti* i li iiij n*tl 
blue ret unis mi unit nili/.inu I In* ariil. Tbis I'liainn' is .'aiji- 
[io.simI fn 111 ' line tu tin' i'<iniiaii«ill uf salt,', liaviiiir, linin' fliaii 
mil' l•((uivilll•n^ 111 ' ariil. llyilnii'ltliirii' lu'iil fir.'-l nuisi-.s » 
blur iiri'i'iiiilati', llini it rliau-!i'“ tu lu'i'I'Ii nirl iiiially in ii 
ilai'k yi'lluwish bruwii. A liiiik rr.iiii>-!i iumui iii'i'ripitair 
falls nil .'iiiiliim rau.'.lir Muia. 

Wniil ami silb aU' ii.vi'>l ('nuu a bailt rmiiainiur ari'lir ariil. 
('nffnll IliaV' abii br ii\i'*i ililrrlll tlnlli all ai'i'tlr a* ill biltii, 
nr it may br ilyni aftrr fli.t immiauiiii',' «iiii latuiiii ami 
lai'lar rinrfir. 'i'lir blur inijliillrii In fablirs i- liiiilirr 
atrlv fa.sl til .''naji am! iiiillim'. bul -ImH Ir., rr^^laiirr tn 

i(rililrilll( sm’rllf.s t I'lUIslnllli I llis i iyr llil'i it» Irum bilM\ 
whirli will ajyiiii virlil iIk' blur .lyrstull b> <i\i.laUni« in nrii! 
Hlillltimi. Till' blur I'liinr mi llir Inblir r!iauj;r<i in rr.liiish 
brmvil by .mljihurir ari.i is rr-inmii by vvasiriiu' hi wairr. 

Victoria Blue4R. ’I'bis ■it r.iuif is in many trspri-t. siiiiilar 
to till' iirrrnliim*. It is fnrninl friuii ilir samr rmnjimiml. 
trt t'jiiiirlhyli!iiiiiiimitn*n/.iijibrmim'; nr Irniu trtraiiirt hyiiii- 
iiiiiiiiobrnzliyiirnl, whirh .lifTrrs frmn it by .an arrr.ssimi „f 
Iwn hyilriiKrns. ('mubinatimi !ak«a pirn »• briwrm Ibis nml 
iiirthylpliriiyl o itnpblbyliuuiiir in a irariinii vmy ainiilnr tn 

that for Airlnria blur H. 

(liiTurcnee front llstil. ilyr. 


0 


'llti yiafiii'ral Imtiiula siiinvs !!.>« 


. 




NtCH.b 

! 

ct 


y 


•If/ 


■OH/ 


feltii* 4M> 
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The pr(\s(‘n(*(‘ of a rn(‘thyl group in thin hliu* dyti in plare 
of a hy(lrog(ui of \'i(*toria hlu(‘ B. lias the (‘flVc'ti of produc¬ 
ing a re(l(l(‘r shade' of blue'. In its propea'ticH and application 
it rescanbk's Vicd.oria him' B. Victoria blu(‘ dR. appears 
either as a poweleT of a hreui/at lustre, or, if fnnn a ria*lf(*d 
condition, of a yedlowish hron/a' refh'X. (!auHti<* sea la cauHcs 
a brownish viokd presupitatt* to separate*. 

Firn Blue (1892), Glacier Blue. This bhu' dye* has the 
same empirical composition as Victoria greem BB., and is a 
good illustration of LsonK'ric' sulKstancc's of difTc‘naii co 1 ch% 
one grec'n, the othc'r bhu*. Victoria gn*en dB. contains four 
methyl groups distributesl into two amino gniups. Only two 
of th(^ four nu'thyl groups in firn blue* arc in the* amino gremps; 
the oth(*r two are joiiu'd (linnetiy to bemzf'nc* rings. Thus 
instcanl of dinndhylaniline, (riionoinctliylortlio- 
toluidim*, GVn4(0H:dN HCdl.'i, is aliow(*<l to act upon dichlor* 
benzaklchydc*, as follows: 

C^jHaOLCHO + 2 C|jH 40 H;jirH 0 H| = 

Dichlorbenzaldehyd© Monomethylorlhot&iuidioe 

/0.iH;,0l2 

H0^0,iH;,0H.,NH0H3 + H.O 

Ltacaflfo W«« 

Oxidation of this k*iico bast^ and format ion of iis clilorifle 
dev(dops th(^ elyc! from this. 

01 



lira bittt 


The zinc chloride doulik salt apfuairs in ecimrneree m ik 
reddish violet powder of a lustre like! cop|>er. lIs ^liiilion in 
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COAL-TAE DYES 


water is greenish blue, and on cooling it gelatinizes. It dyes 
silk and wool a greenish blue; cotton is mordanted with 
tannin before dyeing. 

It is a beautiful color which is fast to washing and light. 

Hydrochloric acid produces a dark green precipitate which 
changes to yellow with further addition of the acid. A 
yellowish orange turbidity follows the addition of caustic 
soda. Strong sulphuric acid dissolves the dye to a yellow 
solution, from which the addition of water separates out a 
green precipitate. 

Victoria Green 3B. (1883), New Fast Green 3B., New Solid 
Green B.B. and 3B. has the same composition as malachites 
green, with the exception of two atoms of chlorine. Th(^ 
effect of these two chlorine atoms is to give a bluer shade 
of green. The chlorine atoms arc already fixed in the dichlor- 
benzaldehyde, which acts upon dimethylaniline as follows: 

/O6H3CI2 

CoHaClgCHO + 206H5N(CH3)2 = HO^Of}H4N(OH3)2 + B.>0 

\OoH4N(OH3)2 

Dichlorbenzaldehyde Dimethylaniline Leuco Victoria green 


By oxidation and formation of the chloride, the dye is 
developed; its constitution is shown below: 




01 



o> 

01 

^ ) >N(CH3)2 

<(^^=:n(ch3)2 


Cl 


Victoria green 3B- 
Hydrochloride of tetramethyl- 
diaminodichlortriphenylmethane 


The double salt of this with zinc chloride is the commercial 
dye which appears as a green glistening crystalline powder. 
It is sparingly soluble in cold water but more easily in hot. 
Alcohol dissolves it readily. The hot aqueous solution gelati¬ 
nizes on cooling. 



riiK TidiMiMW LMicriiA.xi': i)Vi*:s 


HIA 

Ilyclrorhloric and turns it ycllcnvi4i ^!;rcf*ru tlmii yrllmv. 
Th(‘ solution is furnt'd a n^ddi'^li yollow, and a pr<- 

(*ipitutc‘ falls on tho addition of caustie* soiia. 

Wool, silk, ajid lannin-niordaii!c*d (‘oitoii aro dyod a tdimr 
shade* of than uith inalaoldlo yi'oon. 

Malachite Green (1S77), Beiizaldehyde Greeii^ New Victoria 
Green, New Green, Fast Green, Vert Diamant, Bitter Alnuind 
Oil Green, Benzoyl Green, Benza! Green, Diamond Green, and 
Dragon Green arc all nariH's of a bcautifid ‘iivcn dye uliicli 
at one* tiiiH* was inariufactiirc*d in taruo itics. 

Dh(‘ first of lli«*sc two liaiiics sii*i<ic^ls ri'-4*iiiida!ict^ to 
t.lu* inu^’nific<‘nl grccni Hussinri iiiiiHU’ai iiialacliili% and tiio 
s<‘('ond rc‘rulls the suhslancc used in om* iiit*thiHi id |irf*|inra 
lion, ddu* clicriiical naira* which r(‘VoaIs its rinitin* im tetra- 
ni(‘t hyldianiinot riphcnylna*! hanc liydr<ich!f iridc. A ciiri'f iii 
inspeadit)!!, latc*r, iif tin* i^raphicaJ foriiiiila of this siilisliiiico 
will sh(n¥ tin* si^rnifiennee of caidi s\dlahlc fif this naiiif*. 

One* process, and the* cnic wliicli inavc ibis d\‘f* flic iinnn* 
of !)(*nza!dc‘ilydc‘ iirocii, corisistH in licaliiiff t♦»cctilf*r on ♦ 
molecular cs|iiiva!eiit of liiai/.aldoh)de, r,dhddlth and two 
c*(|uivalc*nts of dinietlivlaiiiliiie, btd^iiitli aiili>df'oini 
zinc cldijridin As thi'se fornnilas an* e\aifiitied, llii*y will 
be foumi to be* ben/aaie riii|£s wliich are :i!rf%*itty pfissiosnl 
of tin* nicb* groiipH that really app**nr in ibi* luri'er 
mf>lecnile of tiic! cl ye. 

Berizalclehyde ftiriiishcK in ifs side fffutip tin* ciirbori 

^CJ 

atom whicdi is to becfuiif* I be ffielliaiie f‘arlioii I In* 

three iHaizene rings c*f the dye ifinleiiilfs din* iiitifellivhiiiilifit* 
exhibitH beiizein* riiie^s eiiriclieil not mily iiilii 111** ri-r|iii= 4 ff* 
amino gnnips, but tlii'se groii|i.H arc* |«e nf tip* rf*i|iii;i 4 t«* 

metliyl groiipa ♦ 

The? oxygen of ilie lieiizaldeliydf* mdtfi it niiiglf* 

hydrogeii from caich of the two fiiolfsadf*4 of diitietliylitliflilie, 
forming water which is then altnif*bs| aufi ludd by the iiiilty- 
(Irons zinc eliloriclin Tin* zitn* idiloride liiiw sithe 
reaction by its iitt-nicdifiri for %vater. 





iH>\LA\\li DVKS 


*rhc‘ n‘Hi(lu(‘H of the* lur^f^r rriolt^ctilo.^ iiiiiti*, hf*l<l hy 

tlic single* c*ar!>on aloni hruu^lit into tlu* rouftioa in tin* 
^Toup of I1 h‘ hcnzaldohyda. The* rracdioii is :is ftjllow.n: 


O.iH^CHO 

+ 


= 





CH[C„H,,N( OH;,1,1.0,.H,, 

+ 

H:iO, 

or gniphie’i 






C-r= 0 

Jh 

,0,;H,N(0H.,), 

j 

/0„H. 

= H0~0„H,|0H.,);r 

+ 



H 

0„H,,N(0H,), 

\0,iH,N(OH,), 



Bfecizaldthfd© 


DlmethflafilHfie 

Lfyteo milicitifi! gr««ft 




In tlio proc'fHH c^f iiianiifiiciiirn tlio two lioiti 

of whi(dt mv licfiiid, iiro lioiitod t(i|:otlior wifli /,iiir rlilorifio, 
Hulplinrir fw'id, or niihydrouH oxiilir indd^ wlnVIi farilitatoH tlio 
mud ion hy oiiUHiiiK thu Hi*piiriitioit of wntor. Thu mijcliiru in 
rcuiHtiiiifly Htirrud aiifl hiToiiiuH thirk iiiid piinty. Hir prodiud, 
wliicdt Ih till* Iiiirc* hjiw% in diH-Holvuil in liytiroftilorir or iwrtir 
iicdd and (jxicii/,i‘d !>y tlu* lulditioii of Ii'ipI piToxiflo. 

Tliirt oxidation thriiHiH ii Hiiigii* fixyi*«ii atoiii hidwuoii tfio 
uiirlKHi and hydni^«*n fifoiiw of tliu iiudhiiiiu ftitrliiiH and fliiw 
<dynigu« thc‘ Iiniuo hum* into the* mlur Iiiimi* an folIfiw^H: 


"< f~~~^ N(OH»)a + 0 




I^iice blit ©f 
mstaciilt# grtc^ 


C#l»r mi 
gtmm 


TIm? loud ii 4 iift-urwntrfls profipitalc^d and ruitwivw! iw wilpfifito 
liy the* iidditioii of «odiiiiii Hiii|iliiifix liydroidilurir iiriii 

proMuiit in the* mflutkm ficd.i*i iit oiiru iipnii tliu rolfir ltf 4 »% form¬ 
ing wittor find fonvorting it iiito flu* liydriM*liI«iritiu —ii «il 
whinit m tJiu dyi* itmdf. Tl«* idiliiriiir ihnm not filtiieti 
to tho niirlioii from wliiuli flin Oil grfiij|i wiw miifiviftl In 
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form water; but by a rearrangement of valences, it becomes 
joined to a nitrogen atom. This arrangenaent, known as the 
quinone structure (because it occurs in the substance quinonc), 
is shown below: 



Color base of 
malachite green 



The salt or the dye 
malachite green 


From the solution in which the dye was formed it is pre¬ 
cipitated by zinc cWoride and common salt, whereby the 
double salt of the dye and zinc chloride is formed. This, 
being insoluble in a salt solution, falls as a precipitate. It 
is filtered off, rcorystallized from hot water, and is tiion ready 
for the market. 

The double salt is the form met with in commerce as brass 
yellow crystals of the following composition (C 23 H 25 N 2 C 1 ) 3 , 
2ZnCl22HO. 

The oxalate, (C23H25N’2C1)23C2H204, in metallic green 
glistening plates, is also a commercial form of the dye. 

Other methods beside that given above have been used 
on a commercial scale, and the varying cost of raw materials 
often render alternative processes necessary; as the following 
account will show. Malachite green was first obtained by 
Otto Fischer from tetramothyldiaminotriphenylxnethane by 




coAi, r \i; i)\'i:.s 


KH) 

oxidul icjii, ,\ .'•lioii liiiii* ;t 11 1 i’w ;ir« I, .'iiiiff I it Iiv 

th<‘ at'liuis c»r lMii/iiirir!iiun«li‘, fji ilifu**!Iiylanilifi/.. 

I his pHH'rx'^ Was pafiijlrd and oii a rij.|fiiii<*rri;il sfahs 

Ilia ijiaiiularl iiri* !w I i'flii'r > lyrihud t|{i| lint 
an nrnmnt of flu- ruM nf lHii/;dd«‘liydf% wi,ir|i 

fH*c*d(*(| aa a .slarlifi'* puiiif. list- dillini!!it- m makija?: fim/,- 
jildnft\d<* wart* lalii’ fA'li’riKiiii', howiwiT, and so iiiiif'h 
was il finally pf‘odtiri<d Ui:if umu ld.o-|if‘r*- prori'^s y ii^al 
roinijHiriallv . ami lla* hni/uf riflduritii*, wldfii lawor isavo varv 
^»'iod rradl.'X i- «'iiliri*!y ahaiidMis* d. 

Sih. is dyi'd fioiii a puiv -Huap hath and ffU'd wiih 

ara!i«‘ aaid. Wito! i;. d\fi| in a wraL arj.i liaili. rtifiiin 
first ivi|iiiro'; iiiordaiifiiii^ with lanidii and tartar liianif. 

Coiii'iiif ratal! Ii\droalilorii* aai.l ojdr. an i,raita^' I'ofor 
whisdt rliaii^i’H bank to llio oriip'iial nn’mi ufa'ii tfoali-i! wiih 
iiiiirh ivainr. Arntif aidd ri'iiiuv#s-« ilir milfir iiiiii a itlnisfi 

lirnnii lint. Ariiiifiiiiia nial alLahi's iil 

Ifmif (iifVH uut vlmiur this 1‘fdiir. wldlf^ nifilp! grnoii 

vioint. 

Brillkot Green C 187 CP, Malachite Green G., lew Fictoria 
Green, Ethyl Green, Eiiieiiild Green, Fitsl Green J., Diaincinci 
Green J., Snllcl^ Green J., Solid Green J J.O., Brillitnt Green, 

m fi flora* minti%a* Ilf fiiiilarliiii' i4lr^lK loi an imi of 

its si nil*! tiro roviaal-- othyl ifnmps i,;, |,!ai.,» ,,f i|j,* p,|||* mi.fliyl 
groups of till* ««|iaiiisr in nmiptmihm fi»s f|if» 

1 ‘llnrl of protiiif'iiig n ^olifiwor of ronr-fi fliaii nialiirliifi* 

Kroon. 

It is iiiaiiiifitHiiivil from lM'U/jMt4iy4r mi4 ilintiyiniiilifir 
ill imi'ordmirf witli iht* oi|fiiiiiiiir 

0,iH;,0H O S HcS-O. 

H ■ 0.;H,»f 

0 telhy!*Ri!i«* g,„„ 

mmmkfMmmnmmipkmfh 

A ill fr.ttti Kiv.>n f„ ri-.l.|i:4i >•»•!!..«• h,hm 

wliiai liyilriK'liInrii' i.i in *.nffic!(.(|! jiitKiytit ij, i|),. 
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(*{)nr(‘!itratc‘{l .-nliOioii. Sodiuiu itydruxid** 

tiic* solulioit and lla* ccilor ha^c‘ tu .s<*|iaraln uiit a."** a 

pah* ^irncii pracapilaU*. 

It dissolve'.^ in >!rony .ailpinirir aaitl ‘c» a yellow aoliilinH, 
whirh on ^’raduall\' diliitin,!i: uifli watta’ from \’rllu\v 

to a reddish yellow, yell(nvi:-:h yj'eefi, and f‘mall\ ^ireeii. 

Oxidatinn and fonialina of the sidpItaU* protliiees the 
clyeHliiff as ^iveii !h'1ow: 



S0|H 


Bfillwnt gfneii 


'Fliis is caiiployed for ilyeiriK siliis wool* lisaflier, fiitfl 

eotloii iiiordaiit«*d with tniiiiiii aiai turtnr eiiielie. Hie s!iu«!e 
is ycdlower lliaii that of loalaeliite |i,n‘eiL 

Ketone Bine (iSgoii is n fives!nff roitiiiiitiiti^ oxygen, 

lliose HU far d<o,rrihi‘d in this elitss hiiviiig liiid tio iixyii.fii 
ifi !la*ir eoiiipositioii. It is a tripbeiiyliiiethiiiit* fleriviitivi* 
and posM*sses an iiliy!alf*d hydroxyl grfiiifi in cnie of itn lltree 
heiiziaie rings* 

It is by briiigifig tfip^ther el liyloxyfliiiif^tliylaiiiifio- 

beiizf^plieiioiiis aiifl iiietliy!pii«iiyliiifiiiie nil It soiiii* hyi|ri>- 
seopir siibsliiiiec! to riiittt\‘e lliit %valer forifif‘iL 


CO + 

EihytcixydiifiiMhfl* 

di«mifl<^beiiz0pbto#s» 


C„H,N(0H,)0,iH. + HOI 


Melbylphenyhwlns /O.jH^OOaH^, 

c^0nU.,« iom-,iG„mr, 
Xc,.H,-^N( 0 H 3 b 

I 

01 

Ilia# 4B.1# 
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Ketone blue 4B.N'. belongs to a new and important class 
of dyes termed Patent Blues, to be discussed later, which are 
fast to alkalies, and this valuable property was ascribed to the 
presence of the hydroxyl group, represented here by the ethyl- 
oxy group. Further investigation did not confirm this view, 
however, and their fastness to alkalies depends upon another 
feature of their composition. 

The dyestuff appears in reddish violet grains. Both in 
water and alcohol it dissolves easily to a violet color. It 
is used for dyeing silk and wool. Hydrochloric acid de¬ 
colorizes the solution of the dye, while sodium hydroxide 
turns the liquid brownish red. The solution in strong sul¬ 
phuric acid is yellow and changes to green on dilution 
with water. 

SuLPHONic Acids of the Tkiphenylmethane Dyes 

The discovciy made by Nicholson in 1862 that insoluble 
aniline blue on treatment with fuming sulphuric acid still 
retained its color and became soluble was of far greater im¬ 
portance than making this particular dyestuff available in 
soluble form. The method was found applicable to a large 
number of dyes, making them available through increase in 
their solubility and converting basic dyes into acid dyes, 
which further increased their range and usefulness. 

By treatment with sulphuric acid the group —SOall, 
called the sulphonic acid group, becomes substitut(;d in the 
molecule of the dyestuff and converts it into a sulphonic acid 
derivative. 

The tinctorial power of the dye is not increased by this 
treatment; indeed, it is sometimes diminished one-half, but 
the dye has become an acid dyestuff, and its value, especially 
for wool dyeing, much enhanced. 

The sulphonic, or sulpho group, as it may be used 
in shortened form, may be introduced into the molecule, 
either by treating with sulphuric acid the finished dyestuffs, 
or their leuco bases before oxidation; or the components 
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may be sulpkonatcd previous to their combination into a 
dye. 

A difference in the case of sulphonation of some dyes allows 
direct conclusions to be drawn in regard to their structure, 
e.g., rosaniline can be sulphonated with difficulty, but aniline 
blue, which is a triphenyl rosaniline, is sulphonated so 
easily that only gentle warming with moderately concen¬ 
trated sulphuric acid is sufficient to introduce the sulpho 
group. 

(The following formulas show which benzene rings arc most 
easily sulphonated.) The case of sulphonation of the aniline 
blue shows that the sulpho groups enter the outer three 
phenyl groups which have replaced the amine hydrogen 
atoms. 

Acid Magenta (1877), Fuchsine S., Acid Fnchsine, Acid 
Roseine, Acid Rubine, Rubine. Acid Magenta is a sulphonic; 
acid derivative of magenta and magenta is a mixture of 
rosaniline and pararosaniline. Commercial magenta or rosan¬ 
iline was discovered in 1856. The amino groups gave a 
basic character of the dye, and it was applied in the usual 
manner for basic dyes. Twenty-one years later the treat¬ 
ment of this basic dye with concentrated sulphuric acid 
caused the fixation of three sulphonic acid groups in th(i 
molecule. Prom their strongly acidifying power the produc^t 
became an acid dyestuff. The color imparted by this acid 
dye is not different from that given by the basic magenta, 
but it has only about half as great tinctorial power. Some 
corresponding advantage must offset this loss of coloring 
power, and it consists in this, that it is more soluble, and the 
dye can be employed in strongly acid baths and also combined 
with other dyes and mordants. 

It is used for silk and wool, but not for cotton. Dried 
commercial magenta treated with fuming sulphuric acid at 
lOCKlTO*^ acquires a sulphonic group in each of the phenyl 
groups and a trisulphonic acid of magenta results; or since 
this is a mixture of rosaniline and paraosaniline so this com¬ 
pound of magenta is likewise a mixture of the trisulphonic 
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uc’idH t>f both roainilifH^ nnd |»ararn>;iiiilifii\ 11n* Miditiiit t-iih 

of thin dyc^ hi hIiowii holuu : 

yCH, 

NH. 

SO:jNa 




iO.iKa 



./ \=t‘B 

30.J 30| 

Mliiin »Iti iti mmnlUm find iwfiift«wiiilifir ml4% 


dy«*HtiifT Iiiih I Ik* of :i fMti^di'r. 

WlitfT ciii^HiilV4*'S it Kitnily, IkiI if i'* iii 

Tli<* iiorniitl HaltH an* I Ik* ar** ri'd. 

Ffcitii till* failur Ilf llii* »trifl itiid tlii’ bii'L of of 

tliK iiariii.nl hiiJIh, a Kaiii'IiiHiini liriittii tiint n kind <»t misIi** 

fanning tiobii lii*twoaii lln* Mil|iiiiftii«‘ im'kI iiraiifi itud 

tin* hit^^4f* iitiiitiii graiiji af iiin* af tin* liH- 

iti tlir fnriiiiiln iihfi%n% nitil furlli«*riiKira flint in I In* 
iiariiiiil HfdiH itiiit li I’ltrliifial at'aiijt i:- iii’ in olliar 

tliiit lln* f'initriil liiafliititf' rnrliaii, by dta fi^nfiafial n 

tii*raifif*H n nirbifKi! rioiij* niKiior/ifii' flint 

af flic* ivliitn rii«tiiiliiit* riilur bm** iviili it « vianfr 

Afdd liiiigiiltit all tin* fibra iiniy !>*' rarontd/t’d K' fiiflaifiO 
fraiii liiiigiiitii by ii|i|dyiaa «if aijiinl jinit^' al vniiar 

iitiil hyilrarlilarir nriiL A»’i4 fiini,!i’iitn iiiiii** 

fiiiigtnitii' ili*i*aliiri/K*i|; flit* liftit* n«*i4 iiiayaiitii ivbirli 
Malvas fraiii tlia lilm\ fiiriiiiii |4 n <*iiarry tail ralof iii tin* Kaltifiaii, 

iif»f*cl riitwa iifi l•alifllKiali. 

Na Ktiiiiigi4 in ilti* riilfir af itn Miliitinii !#>' 

cdili^fir iif*id. CJiiiiKtir fKtd:t aliiia^i i*iiiii|da!rly ds't'idfai/K"' *0; 

fill littar fiddiiig iiriil** fli*' nrh/uiid nalar ii-liiifi'a l“.vrii 
riirbfitiin itidd will idTtni aliniiyin M'ilam* oifiiliaii 

ill iiitiitg ^iilptitirir arid tniiiail ^iindiinliy ia4 by 
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iii*i^to f’olor jiimI tt IH nnt« 

.so oasily di*tiTtf‘il n.- ootiiiiion iiia^orit.-i horjiuso it will nut. 
ilissjjivc* ill nor will it <‘oiiihiiM* with ntonric* iiridy whic'fi 

art' iiml in di'tvi'tiWA <n-«liii:iiy a. 

Hf LPiinxif* Anifis fii* i'iin I)iiwiKTinwK Dvkh 

Helvetia Green 1187B1, Acid Green. Tin* first arid tlyr of 
this wa.^ |ir<Hiiiri‘4 in |h 7 h iiial was kianui iiiid«*r tlio 

iiaiiioH of arid jrroofi and llolvotia |i;rooio It was |iro|iar<*d 
l»v lr<*aliii|£ malar flit I* with Hiiliditirif* arid. Oiio r-^id' 

plioair aril! |iroii|> wn^ iiitrofliirod into tliai hoti/.<iio 

riiiji wliifli *,*> 110 iiiiiiii'i 

CyO,,H, + H.SOi = 

I 

01 

Malactiil® grrtft* 

biskife ^ ^ ^ 

/C,,H,SO,,H yO,,H,SO:,Na 

HOO—0,iH,N(0H,>. Na.OH HOOro„H,N(OH:i)., 

\c,.H,N(0H;,); . . --0„H,»(0H.,), 

TrtrBinethyldlamlno- HelVBit* 

irlplitnfi CMfiilfiol ir#pfi 

taiphci icli 

Thin (ly(>rttii!r U no longer hhoiI lunl !« mftfl here jw the* 
fii*«l .milj)liotii<' jicid »’oiiijtouit<i of il M itiul iin I In* !^ini|*loHt 

cxainplt* of wiljihoiiaiioti. 

Soluble Blue {*8621, Water Blue, Cotton Blue, Wavy Blue, 
London Blue Extra. Aniliiif blu«- on iM ing wiljiliotmtcd «i. 
: 5 (l :t .7 foriiiH alkali blue, bill if throo to four tiincj* (Im vvi iKlil. 
of .sulithiirii: Jiriii atui a Ifiiiporatun! of (HP, ami u final t« in 
pcTniun* of 11 H> llir be oiiipbiyiil, l!t« ii a furtin'r .‘uilphona- 
lion ofctirM ami a Holublo him* is fonm-il. 

Three Htilphotiie aeiil groups lU'o ihuH inlrcKlueetl one inlo 
eueli iiniitiojilieiiyl group of the tnolorulc. Afli’r eooling, 
thu Htmiigly iu‘i'l Holution in poured into three to four liiues il« 
vohmiu of wilier to preeijutute the eitliuing nuilter. It is 
filtered off and diHSoiveil in a large niiiouul of lioilitig water; 
the excess of sulphurh: acid eauliously neutndiio d by milk 
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of liin(‘. Aftc‘r filtering c^fT ilu* ntiriiiiti Hiilpluite, the filtrate 
to wliieh some earhonafe tjf soda or animoiiia has been milled 
18 evnporatc*d to drym^ss. 

Soluble blue* is a mixture of the Midiiiim aiimioiiiiim or 
enleium sallH of the Irisulphoiiir (with a little disiilphoiiiei 
acidn (d* tripheuylpararosaidliiie ami rosaiiilimx The 
Ilium salt formn a mass of tlie lust re of I'opper; while thi* Miiliiiiti 
salt tuamrH in <lark blue lumps. 

llie eoustitutioii of thi* dye is apparent from tin* triplimiyl 
pararfisauilinc^ dm*ivative here "iveii: 





y ..NHChH.SO;, 

i 

bitii 

Cwton mlxi^ with the fwiiiliifii iltriwlitf ^ 

Thin dye in of iidviiiitiip* in prodiieiiig roiiijioiiiid eolurs iiit 
Hilk iiiicl wool. It ilifftTS frfiiii filkiili bliie in beiiig ilyed from 
iia ludfl biilli itiid Hf) iilliiwilig the siifiiiltiiiieoiis iifiiiiixttire of 
other iiriil dyestulTs tfi the liiitli. In ilistiiiiiiiruf I'roifi alkali 
blue it is employed iipoti riittiiii iiiiirtlMiiteii with faitiiiii 
t..ogeflier %vit!i iiluim tarlar eiiietii% or lift suit, 
soiiiellines dyeil dinaily from a bitlli eulititiiiiiif mum* iilillii. 

it m used almii* fur dyeing si!h niid wuiik ms it m iioi 

140 fiiHt or «o full IIS itikiili blue. 

Alfolicd dissolves iilkiili bliit^ iilid iiliiliiie biiie fritiii tlm dyei! 
fithrie iii ilic* eiikl wliili* soluble hhm resists even lifiiliiig 
iileolioh 

No riiiiitp‘ of eoliir wlieii liyilrnrlilririf iirii! in itiiflnl 

to its siiliitioii iti iviiii*r. A jiiirtiiil «*{iiiratioii of itn'^ disiilfilio 
iieid» however, m ii bitie preripitiiti* tiiki^n jiliire. Ttie i^fiiiilr 
ehiitiges to ii lirowiiwli red %vlieii miislie simIii h iiddeiL Tfi«* 
dark red Mtiliifioii in Milpliiirie firid liia’oiiieti liliii* by itd«litig 

wmlMT mid II liliio |ireid|iitjit.e fiiltii* 
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Methyl Blue (1862), Soluble Blue 8B., Soluble Blue loB., 
Wool Blue, etc. Erom the previously montioneci dyestuff, 
sola|)le blue, this differs in purity and in manufacture. It 
is a trisulphonic acid of triphcnylpararosaniline free from 
admixture with any rosaniline derivative. 

Its most recent process of manufacture does not consist in 
the sulphonation of a previously prepared triphenylpara- 
rosaniline, but in using for combination components which 
have already been sulphonated. Thus, in th(^ initial reaction, 
diphenylaminemonosulphonic acid and formaldehychi are 
brought together as follows: 

CH 2 O 4 = 

CtiH5lJH-06H4S03H 

Formaldehyde Diphenylaminemono- 
sulphonic acid 

^06H4NH-06H4S03H 

CH2 -h H20 

\06H4NH-0eH4SO3H 

Diphenyldiaminodiphenyl- 
methanedisulphonic acid 

Oxidation of this product together with another mole¬ 
cule of diphenylaminemonosulphonic acid results, as shown 
below: 

^C5H4M’H» 0gH4.SO3H 

OH2 Hh 0ftH5NH-C5H4S03H 4 2 O = 

'^C6H4N-H*C6H4S03H 

/06H4NH-06H4S03H 
<1^06H4NH-06H4S03H 4 2 H 2 O 

H 4 =nh: . C 6 H 4 s O 3 

L__J 

Methyl blue. 

The free acid 

The disodium salt of this forms the commercial dyestuff. 
A variety of acid blue dyes are sold which are more or less 
pure trisulphonic acids of triphenylpararosanilinc and rosan¬ 
iline mixed with some mono- and disulphonic acid com¬ 
pounds. 
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A few thfiii an* riinta hhiia alkali blii<% I), iiavariaii 

i^liic* D.S.F. 

Alkali Blue 118621 , Nicholson’s Blue, Fast Blue.. 'Ilia art ioii 
of siilpimrir nriti at *10 0*1' ti|)iiii iii.-filylilr aiiilifia hliii* i> tn 
c’orivorl il infn ii suliilla »iuiH)Mil|iliuiiir joil, whirli h alkali 
hluo. 11 h* ri*sulliro,! hrowni.-li yalknv aifliitiuii i-- fMiiin'ii iiitfi 
water ainl lla* new c'lniipfoiiifl |irf*f*i|iit:i!efi. Il tloii 
\V 3 i>hec| aiid dirMilvei! in flu* rei|iiire4 aiiiiifinl nf niiia In 
fonn the stidiiiHi wliieh tin* eiiUiiiiiTfial fAiiji nf ilii* 

dye. and il is then clnaiiiet! fniiii llii* seliitif»ii In* >altiii^ 
nut or evapf>rnfiiwf, to dryiteH*-, willi the priwdiiii^ addition 
tjf Ii litfF cairtioiiale of aiiiiiifaiia. Hie of flit* 

dye is shcnvii in I lie fiillinitnr foriiiiiL’i: 





MHOt.H/, 



y!IHOr|HiSO:|lfl^ 


Alta II Mtif 



Alkali blue In a miitiiro of flie Midiitni palti triplf'ftylpira- 
roiiiiiiiliiietiwaiiMiljilicitiie nrid niiil t4iffiirriy!rfisiitiiliiii*iii«itiio 

nulplitiriie iiriiL 

Alkali liliiit iipimim in fcniitiii'rrr itfi a lirnwiilrfi |ifiwtlrr tir 
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in lumps which dissolve easily in about five times their 
weight of water. The aqueous solution is colorless; the 
addition of acetic acid in the cold causes a blue coloi'ation^ 
and on boiling, the free sulphonic acid is precipitated bhu^ 
in color. 

Hydrochloric acud completely precipitates thc'. free sulphoni(‘. 
acid and the solution is left colorless if only a pure alkali 
blucj wcu’e present. If, however, impuritic^s in the foi’m of 
(li~ and trisulphonic acids were present the liquid oven* th(^ 
precipitate will remain colored. Any evolution of (‘arbon 
dioxide is due to alkali carbonate presemt. 

Sodium hydroxides changes its solution in water to a reddish 
brown. A beautiful brownish red color results on dissolving 
it in strong sulphuric acid; wateu' causers a bliu^ precipitate 
to sej)arate. 

Application. Dyeing with alkali blue is carried on in a 
wcaikly alkaline bath. It is especially adaptcul for bright 
shades on silk and wool but is not used for cotton, as it does 
not com])ine with acid mordants. 

As lime salts form insoluble compounds with the dye, the 
watca- of the dyebath must-be free from them or depriveal 
of them by boiling with a little tin salt. The dycung is 
carried on nearly at a boil, and to secure evenness and 
fastness borax or stannate of soda may be added to the 
bath. 

A peculiarity of this dye over the other sulpho dyes is its 
ability to fix itself upon wool in a slightly alkaline bath in 
a colorless condition with no appearance of the blue color 
whatever. This property of the dye is ascribed to the basic 
amino groups present. In order to devedop thc^ bluci cooler 
the goods are passed through a weak hot acid solution which 
converts the sodium salt into the free sulphonic acid which 
is the blue dye. 

Night Green B. (1899) is an acid dye containing two sulpho 
groups which arc fixed in the components before^ they are 
caused to unite. 

Orthorchlor-m-nitrobenzaldehyde is caused to combine with 



(‘thyll)c‘nzyluiulin(‘ in th(‘ [)n‘Sf*n(*c‘ of hoiih* liydro.sropir 
ns follows: 

^CoHaCmOo 

OHO + 2CoHr,N(C.„»H5)(CH.Or,HiSO:iH) = 

<^”Chlor-///“nitrO“ Ethylbenzylaniline- 

benzaldehyde mcmogulphonic acid 

HO^C,iH.|NC2H;fcHMO<iH;,SO.,H + H.O 
\Cr,H4HC.,H*CH20r,H.,30:|H 
Lmm Night green B. 

Oxidation of this and the formalif)n of tlu* sodium salt 
produ(‘t‘s th(^ commereial dyestuff of a eompoHitioii as follows: 


01 





Night grteii B. 


A hlnifth gunm powder is the eortiriH*reial form of the dye. 
It disHoIvc'H easily in water and aleoliol to a bluish green 

(‘olor. 

Ilydroehlorie arid eiuises ii green preeipitale and smliiim 
hydroxide* algo produces a dirty green colored preripitiite. 
Its yc‘l!ow solution in niroiig sulphuric jieid lets fall ii yellowish 
gr(*en precipitaiit wdiicli slowly lM*c*oiiif*s bluish gremi on itilding 
waieux 

Wool and silk are dyc*d a hliiigli grf*eii from an iieid laith. 
Night grc»en 2B. diflers from the nhovi* only in the* luck 
of ih(^ nitro group XC)^. Its propmlies mid uses tire sirnilnr. 

Guinea Green B. (1883I ts an iteid dye* roritnining two 
ifulpho li'pd two amino groups and fine of its ilirca? ktiizrno 
ririgi without any riiodifyiiig group. 


i 
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The methane carbon Ls funuslu'd ])y Ix'nzahhdiychs wluai, 
with zinc* chloride^ to reniov(‘ tin^ wal(‘r foriiH^d, it eond{‘ns(‘S 
with (dh3dbeiizyhiiHlin(\sul|)lioni(‘ mdd, 

Cyir,N(bH.v(Mb,( VJhiSO:iII. 

The reaction runn as follows: 

CHO + 2Ct;H5NC2Hr,.OH.C(jH,SO.iH + 

Benzaldehyde Ethylbenzylaniline- 

sulphoiric acid 



Ox'idation of this product con verts tiic methuiie fjrouj) intcj 
a carlaiiol {^roup and dev<’!ops tlie properties of Ihe dye. 
Then on neutrali/.iition with soda, (Ik* eoiiitnercinl dyesl'ulT 
is obtained of tint following: composition: 


HOC 


\ 





Guinei green B. 


It will be noticed that, one phenyl jirouj) contains nr; side 
group, but there is a dyestuir named Cuinca green B.V., 
which possesses a nitro group in the metu position in this 
group in reference; to tin; rnel.luuie carbon. It is made in a 
similar manner to this dye by sele(;ting a mota-nitrobeiizaide- 
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IIK 

hytlc for lh(‘ above coinleiisiitioti iti )ilaee of .■simple l»eii/.aliie- 
liy<ie. 

'rfii* <lifferetiee wliieh a >Uiule nil ro aroUji may i-aux’ in a 
(lyeHtuff may he hceii from ilie I'ollowiny eofiiiiaii-'Uii-*; 


HOC 


0nHjN( 

^^0 H,C,.H|S0jNa 
Giiiiita grrfn li. 


ill iiir»»}|€4. 

In 

iiri Ui 
Wiltllirfli 

Mai III fi» tPiiirrrti^^ 

wliltfft III 




HOC 


/ 


/ 


\ 


\ 


/C.H, 

0„h,n/ 

/0,H. 

^0 H.0,.Hi30,Na 


bull irrrfi fwiWfirr. 


Cmmm grr^ii II. V, 

Iti f,Ui % > * li V, 


Ill'll! ”l» h»i«'»’■!» 

f *4* » J| -* ipfi* it Hi 

'll f*A *} I 1* I 1|4S .Ift 


Hlipiii^i iifp-j i|4f afp 

Y#4ls»* iiifiiiiiii fiftalli*’ 

«!♦ ipfsliiig ri, 

I hrm. 


^IT* MitH 't* 

14*1111* , 1'4ii»i*-*< mi 

9. 4f * I 

I#?# I 14 


Until i\y^*n iiri* fiigitivi* In lifclit. 

{Jiiifinii gn*nit II, m II fliill tliirlc }iiiiv4i»r wiiirft 

Hfilves iwily ivitli ii riflnr in linlli nipi iiirfitinL 

Tlib liliif fic|iif*rriifi f€iiiitii>ii ii< fiiriii*fi tiriiiriii,.«ii ynlltim* liy 
hydrortilnrir uniiL A dirty gri*«*ii j>ri*ri|#itiil4^ fiill::4 i#ii inliliii^ 
miwtic* ftiflii* Tlr yrllfii? miiiiiinii iti ^Hiilfitiiirir iiriii 

tiiriw nil iniiliiiK wiilf-*b iiftii 

gri*i*ii ill mm*rmhitL 

Light Grtifti S*F. Blniii Acid Grttn, Tl|i^ 

«tuff flifferfi tri |«irtiriiliir« fmm itifiMn |irnviiiti«ly 
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treated in this group. The methane carbon nucleus retains 
a hydroxyl group and consequently the dyestuff is a true 
carbinoL It is further a sulphonic acid (—SO3H) derivative 
of a complex molecule; the effect of the entrance of the 
—SO3H group into the molecule is to overcome the basic 
character residing in the amino groups and impart an acid 
characto!* the molecule as a whole. The dyestuff is a true 
sulphonic ac.id and exhibits the color. 

Light green S.F. bluish is prepared by the condensation 

yCEs 

of benzaldehyde with niethylbenzylamline, CoHr,N<' 

\CH2C0H5 

This product is sulphonated, whereby sulphuric acid enforces 
the entrance of a sulphonic acid group into each one of the 
three benzene rings of the nucleus of this molecule. The 
result is th(i leu(*o bas(^ from which by oxidation the dye¬ 
stuff is produced. Its (completed structure is shown in the 
formula as a sodium salt of the dye: 



CH 2 CoH 4 S 03 Na 


Sodium, salf of light green S. F. bluish, 
or the sodium salt of dimethyldibenzyldiamino- 
triphenylcarbinol-trisulphonic acid 


The commerical dye is in the form of a light green amor¬ 
phous powder. It dissolves to a green solution in water. 
Wool and silk are dyed bright green with it from an acid 
.bath. It is used to a large extent in conjunction with other 
acid shades for the production of compound shades on wool. 
Acid violet used with it produces various shades of peacock 
blue. 



C’OAL-TAlt DVKS 


<‘(Hidc‘Hsation of honzaldohyili* and iiH-tliyihoiiz\i:iiiiliito 
rc'IVrrod tc» abcnn* is lion* sliown in <lotai!: 


CH 0 + 




OH, 

>< 


Beniiildetiydr ) melbytbciKyl Hnitine 


>SO.,Na 


,y"’v 




+ H,.0 




Hulphonalion oxidHticin ilii-ti priniuct '* !!»• <ly<' 


SO.Ha 


/".An/ 




IJilif grrrii 1, F Mtii*ti 

IJglii grc*f»fi H.F. !)!iii4i m a iiniiviiisfi iilurlc |iiiiri|i*r. Iliilli 
wiilnr iiini itircdicil dinsiiha* it, fortiiiiig i|ri*i*ii Hyilro- 

itrifi f4irfis tin* gri'oii iif|iii*oiin rniuthm yidltiwWi lirnwii* 
(*iiiwtir wiflii ili‘nol«irizi*s it iiiiil rniisos ii flirty rlDiiiliiiniiii 

ill iii4 nciliifiiiit. d1io yiiltiw Hnliifioii in ninmg «ii!|iliiiiic aeiil 
in gmiliiiilly liiitiipai tn grarii «fi ati*liiig 
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Light Green S. F. Yellow Shade (1879). If in. tlio above 
condensation, ben^ykiAy^aniline had been -used in place of 
hcnzjlmethijlunilme then light green S.F. yellow shade would 
have been formed. This change from a bluish to a yellowish 
shade is therefore secured by substituting two ethyl groups 
for two methyl groups^ no other change taking place. 





•,lTa 


/-. yO,K,, 

\ }K 

^ ^ ^OH 2 CoH 4 S 03 Na , 




C 2 H 5 

OB>0(5H4SO3Wa 


Light green S. F. yellow shade 


These dyes give the corresponding shades on wool and 
silk and they may bo uscul in conjunction with other acid 
dyes for producing compound shades, e.g.;, with acid violet 
to develop a peacock blue. 

Hydrochloric acid changes both greens to a yellowish 
brown color, while in both caustic soda gives a slight dirty 
violet precipitate. 


PAnnNT Blues 

Under this head are grouped a number of more recent 
dyes which possess unusual resistance to alkali; a valuable 
property in dyeing, and give pure shades of blue upon fabrics. 
They arc disulphonic acids and yet they behave as mono¬ 
basic acids. The theoiy of their fastness to alkalis will bo 
discussed under the particular individual dyestuffs. 

Patent Blue V.Il. (1888), Hew Patent Blue 4B. is an acid 
dyestuff; a sulphonic acid derivative) of oxytetracthyldiamino- 
triphenylmcthane. One method of preparation starts with 
the condensation of mctaoxybenzaldeyhde, IIOC6H4CHO, 
and diethylaniline as follows; 





C’n\|/r\|> fjVKH 


OHO + 

Mrfaoxv 

hcn/akluliyde 


20 ,,H.N|C,H,|^. = 

Ilioirlltyliiiiilusr | OH 

HO"-'-C,'H|NiC.H J, ^ 

M-iiif Irtfiirf lii'lfiiiijiiifni. 


H.,0 


Hy with ...uii.liiiric ai-i.l. iw., .niplm -r(iii|w an- 

(isi'il ill till' i(iiii<Tuli> aii'l liif pitiiliir! iindlali/.-,] 
flic ciiiciiiii, >;,ii: (hi- |,i la (lull i ctuv. rsci iin., iIm- 

(lyc.«iiiiH, I he |iir:-i!iiiii ti( liii!|i il)i' iC'.i, "iiiini-. aiiil ilic 
ynmp.i ia aiiuwn in ilm luimula; 




so.o 

<' y&O-t JOa 

OH 

Itiiie V,S* 

Formerly it wnn hc|<| fhni ii«. j.ecuii.nr fa ine . i,, 

Wfihihic In the |»n>ci,ccMf I)).. mi .-lunj,. j. h, j, !».,«,-nc 

fiiiK ill the tiiciri jMiHiiidn in ihe mcihanc rjirlmn nitini; Inil 
litter tviirk hn.w aliotvii flic iiiiiirnhal.iliiv «*f ihia vi«ov, MOii 
fnmi ciircfu! iiivi'nlipHiiMn it haa Niifiwn ilmi n |HTi)li:ir 

miiitn of (die of 111,. (,ii!j«iio jo'iiiiiw, uhth one of ihe ninjno 
jtriHipH of n Jieii-hltoririr' heino-iie rinr; y re<.j»»tiNil*!e for iM 
r«‘Midijtnee fo {lilcnliN. 'I'fuK f,,nii of inirsmioleetiijir conibifn*.. 
tion rjtiied the Milhdie fornniiioii. |j ih,* 

|»lioiiie ntun»o!iii,i to exhihit the j.ro|ier!i,-, of ,, „Jo!i.»lwi«,.. 
licit 1 . 

Hie tlyenliilT ha* the rt|i(»eHrHHe<* of ;i eop|)i<r I'lal jmiviler, 
which in ^fjwily s-oltihh- in tviit.-r io n hh,,. ,.„|„r and in 
iilcohol viith diflienliy to the amue hhn- color. rannuV wdhi 
does not iifTect it in the Imt on httiling it turiw vinlet. 
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Wool is (lyod a greenish blue which equalizes well and is 
fast to alkalis and light. It is employed for mixed shades. 
Its greater fastne^ss to light than that of indigo carmine has 
caused it to noplace the latter very largely. In artificial 
light it shows a greener shade than by daylight. 

Patent Blue A. (1888) is a dye which is similiar to patent 
Blue V.N. in properties, constitution, and method of manu¬ 
facture with this one exception, that instead of diethylaniline, 
OfjHsN(02115)2, which is a component of that dye, ethyl- 
benzylaniline, C6H4N(C2H5)CH2C6H5, is used. This produces 
a diethyldibenzyl compound instead of a tetraethyl com¬ 
pound, as in patent blue Y.N. 

Cyanol Extra (1891), Acid Blue 6G. is an acid dyestuff 
which owes its propertk's to the presemui of two sulpho groii})S 
in the molecule. Were it not for these groups, it would 
exhibit the basic propertic^s which reside in its amino groups 
and be classc^d among the basic dy(is. 

It is manufactured from metaoxybenzyldehyde, 
O6H4OH-OHO, which is condensed with two molecules of 
monoethylorthotoluidine, C6H4(Cll3) (NHC2H5), in the pres¬ 
ence of some agent to take up water. The reaction runs 
thus: 


O6H4OH 


OHIO + 


H 


C6H3OH3NHO2H5 


! 

I 


H 


C( 5 H 30 H 3 NHC 2 H 5 


M-Oxybenzaldehyde +• Monoethyltoluidine 


.0,H40H 

H0<( 0e}H3CH3NHC2H5 + H 2 O 

\CfiH3CH3NHO2H5 

Diethyldiaminooxyditolyl- 

phenylmethane 


On treating this product with sulphuric acid, two sulpho 
groups become fixcnl in that phenyl group which possesses 
the hydroxyl group: oxidation thrusts an oxygen into the 
methane group and this develops the color. The sodium 
salt, the form of the commercial dye, has the following com¬ 
position: 
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-l-AI! UN KS 


SO,Na 

>30.,Ntt 

OH 

HOC ,NHO H, 

.SM€ .H. 

OH, 

C rElf«i 

It i.^; a dark hliir |MH\«irr wliirli i in 

tu II hliK’ c’Hliir. 

W’lioi in iViiiii nil iirifl i»;itli, nJid Inr mufij if ku'^ Lir/^'kv 

«iii^|ilitf’fd ntriiiiiii'. r«f|i|it'i piiMinrr iinlnd 

lind I'lililirr %^-lisiiild It*' avupk'tl, ji . 

wi*ll ill dyi‘iii,|!. and i?* in tta-iiiii-, d:.!!i^ :tiid alkala^ uhn 
iiii>ili*rjil<‘!y liiHi !*# iiiilliiij.*. 

Red Violet^ 4R.S. iiH77i. Ii dills* t la I / i iiilUh^ I t .d,* II III 

filiiri* of niaaiiiliiir ifiiaafnia, itn iaafiii»iii i%iih ill 

liliiirif arid, «i rdiiiiliir lii<»ii a -aJiiliMid*' mad atr'iip la ,ii|! • 
ill riP’li Ilf flit* liirra |diaii\ 1 aiimp Ida' piMdia^f ol mU'Ii a ‘ nl 
plimifitioii i,H ml IH S. lla- ,, r*d»IMi 

[iiiwdar. It dimil%*i*a i*;mih in naff i nilfj a inaj/riita od rfika 

If dyi'H II bliiii’ aliiplr litaii indd iiiajaiil n iin tfnin arid 

klltil. dill* loriiitllil Iff If? -M'liniii ‘ idl n|i|i‘'Ai ^ |if imi ; 

SO 

0 ^ /NHCM., 

' SO.Na 
/OH. 

A. /■ .\ 

' f ® ' 

SO,."^ 

4K ft, 

CMIaift i«it Ilf 










C’nAL^'r\!l i)Vi:s 


I2t‘» 

*r\n> is dark |H>wilrr in n hniwu 

lusirn. If with n blii*' i'hIhi in unirr 

mid ill airolml. If i.^ ta.-t n* ;.lkali<-. a |»r«t|ifii\ ttliii-fi 
atirilmind in llm iv>traiiiiiii!' i*flVri itf’ iln* ,-iilfoiii' liiimii «ii 
tlir Hul|ilin aii«l aiiiiim Il ttnnl mai -'ilk |ifi'«iii>!t 

blue* frma mi m*id baih. -iiirdliit* In liijiil. mi ma'itiiiit 

c»f !if%*iiily, it i.' ri*|ilm*ii4! iiniiyn imritiiiif. 

Iariu«hitiriiii* A. a liark blip’ pnwdii' tif *i lirnii/f' liiHirn. 

If y .Hnliihlr ill watiT mid a!*afiiitl aliki* lutli a ‘.rn'# nidi bbir i-Mkir. 

Hvdrnf“lilorir mid iiiaiim'> llm MilyiiMn in t/tifit 

and llpii f!ip imi nf n uiltitt |#’'s'fd|fitati'. I ;ui,air 

Nida ha?'^ im nlTmi ii|»nii ihi* nid ttidrli, mii 

In 11 p^ ftaln 'MbAiMii in 'tnni^ 

,mil|iliiirip ii{df1 tiirii-^ nrf*rii ;iiiii llimi Ida*- an 

wiitar i.H i£ntdtiali> p<l4*'iL 

Acid Violet C»B. I’ia im a* dm \imM wIpii 

triaifad milli .ai!|dMiiit‘ jaid Ipaniiii ; iilfdana^^ d U\ tbn 
Pill niliPP uf I kdl J and i ifimi :aid d'* . 

vifitrl <ili y a ‘flliiaiP** ul ^ naiii, d ji a 

itH iiuflpiiH llni’i' ;i|»|i»ai‘- fimmmaiidita' ad ni ftiiti* aiiiimt 
liVtIlliVi* hr« li l‘* |daM d l»\ l*ail m k'd alal 
CriiHaCdl;. I j/riiiiji'.. Tilt' «»»iapMyn.| d a imi:n 

pthyldiliPiiF.ylj^piaiitaiiiiiiiim fli*’ iMifiPiii iif*/ a Inlkitt.n 

^ ^NlC.H.tOH 0,.H, 

./ ', . 

/ 

# 

'' ^ I 

Cl 

#»#»!' 

|wfiffli%fl4»i 

ISf riitiVPii !|ii- fiadir ii\r iij*# aii id if k* ffmifnil wifit 

i4iiljiliiirir iii’id; lad iIiih tnmiiimiit hI' a liid’diad ipialfpi 
fiillinl diliit’illf ill If I' f4iiitli»n'ki In nifdiniiali' dir 

kiipci piiitijMitiiid and ttim in4idi/r dp* firipbpf in tbr dyr^liillk 
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Tli(» niaiiiifuciuriii^ a<‘tiially uhcmI <‘in|)l(iys thonc 

Huhh^tun<*<‘S If? form th<‘ dy<‘ iiiulcrulp wliielt an* nin*a<ly suU 
plii?iiat«‘<!. Wliiii ht*iizyl<‘thylaiiiliiH* iiioJioHulphnnir acatl i.s 
tnaitcai with foriiiir altli‘hy<li*, a <‘(aHlnaHnticai n*HultH an fallows: 

yO.H;, 




OH.jO 


Formic aldehyde 


/O.H;, 


BmiylethyUniUm moiiosulphonk acid 

/0,H, 

o,,h,n/ 

/ ^OH,CoH.SO;,H 

OH.. 

\1 „ 


4- HijO 


piphwylmithmi® dliulphoiik acid 

By fixiflaticai this product from it motimiict dorivaf ivt* 

to ti liyilrol: ( Cdf^) hi‘('oinc*s ( .■ ClfOIlj. Th<! hydrol k ilion 
ullcma'd to not iipoa liiothyliiriiliiif im fcdlows: 

/0.H, • 

c.,h,n/ 


OHOH 


^€H^.0||H4S0;,H 


^€a,0||H|S0;|H 

4ipti«aiyll«i3liydr0l dlfnlplioaic itcW 




HOiiH,! M( C2 k* 

Dtotlifkftilint 








H0 




/0,H, 


OH.OrtH^SO.jH 


+ HyO 


TttrattliflilhMffldliiiilfi#- 
tripbiPttfiKittbiPt diwiphfwk 
acid# m 

diiitlpb 0 iiic acid 







12 S 

*r<> di*v«*l(ip the* rtiltir f»f fill' <l\i\ I iii> itruiliiti i> aiid 

at:, thi* fiiiH* a 'aiMurfiiiii'a riUMli-ii.-aliuii lakt*.'- plia’i* 

batwrt-n an niiiiiiH ‘iruiip aii'l a iiiili a rt'-Milf 

f’lnaiiy .‘^hcnvii in fin* fallowtfrafthir iHninib: 

.M' 





4i I*"! %iM|rl fill 


0 


Aaifl viall-t lili. if“ a |Hf%*|ai witli :i Ii|i4ri' 

wliii’li ill liatii* wiili a liolrt riiliir. 

Ii)*lriH‘lili>rir iifiil fiiriiM ifio Hi*liifiiiii \r||iiw: ilpp 

riiil-Mlii' :ai4:i n fifip* aft* tn 

farm mliifdi liiHa-’ il.H miiir nii waifiiiiiia 

.?»ii!|iliiiri<‘ itaiil it mi mlor mliifii 

fiirim, iif«. iviitar in iinifiiiall) flim 

ami filially liliii', 

\Vi«.il in iiya«! liliiWi vialf'l fraiii im imifi, it 

wall iiii4 it in m!iij»i<n| in |miiiiifiimi nf iiii\r<l nlirpim. 

Silk in liyi’d li ntiipif* mliii'li in fti ii 

Chroma Gretn iin luniii liiiiti ilir rliriiiiiiiiin 

fiianliilit %vitli tvliirlt it in umnh If h mi iii’pI dvr iiliirfi 
itH milt iiifiiitily ital la ji .niil|i!iiiiiir m‘i4, Ifiil !«* a r:ii!iii\yl 
grijii|i, lli-in Inf far ||.riiii|i in briiiii^ftit iiita tli** rmiiiinii Itv iiim 
i»f fliP rfiliijiiiltiiiln il'iiif'li i’liiii In ftiriii tlm 

It m liy liiiiniiig lirn/iiir mill, t-iiff, in nm- 

iliiiM* witli tiiriiiiif’tliyliliiiiiiiiiiiliiii/Jiyilriil an ftilluma: 
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^C6H4N(CH3)2 

y-- 

(mjoH 

NCsH4H(CH3)2 

Tetrametliyldiaininobeazhydral 


C6H400-OH = 

Benzoic acid 


/C6H4ir(0H3)2 


HO^CfiH^CO.OH + H2O 
\C6H4N(CH3)2 

Leuco Chrome green 

This product is then, oxidized to produce the dye by using 
the peroxide of lead. 

OO-OH 



Chrome green 


From this formula it will be seen that the benzoic acid 
joins itself to the methane carbon so as to retain the acidifying 
group, —CO-OH, in the meta position. 

Chrome green is a dark green powder which is soluble in 
alcohol and water to a greenish blue color. Hydrochloric acid 
yields a yellowish orange solution. Caustic alkali ck'colorizes it. 

Wool which has been mordanted with chromium salts is 
colored a green which is not fast to light hut fast to milling. 
It is employed chiefly for printing on cotton. 

Chrome Violet (1891). If salicylic acid were substituted 
for benzoic acid in. the previous dye, then it would introduce a 
hydroxyl group in a para position to the methane carbon, 
and this single addition to the chrome green changes it to 
chrome violet. It requires in dyeing a chromium mordant, 
and it is used principally in cotton printing. 

Anrine ( 1834 ) is an acid dyestuff, and it is the oldest one 
from coal-tar, though it does not dispute the clainx of Perkins 







(‘U\L-T\lt nVKS 


\:m 

mii\ivi\ prrpnn*il itiiin* t-lian !wi‘iif\ yi^nr^ !atf*r, }m‘ flu* 
fin^l nrfifiraal dy<* t«> ha iiiaiitifafi yrrd and .-itlil. 

nhsarvial in iK*!! lliaf a ruiilii la* itiadi* fr*iiii 
plititol mill tiial it famld h»riii hi'niilit'iil f’ldiir hut im 

attnriipt was inufla tf» put if In prafiiiail lira'. 

Auriia* is n iiiixliin* nf rrlatail «i\iit’ha and lliat fafiin 
pnnant is snppitM'd In li.*iVi* ifiaih* \\:v* rtiMilir ai’id. 

Thin dvr. in fuiilrnHl lo fliusr Iriplirii) liiiriliaiP' du's ttiii.- hir 
sliidini, I’uiilaiiis no niliniai'i. It i- an nvifnii dnivatiir hI 
Iripltriilyiiii*! limn*. 

llir iiianut’nt'lill'** rfnisi'*'<|?.; jn fiiailiii” l» paifM nf pliriiiil. 
d parts Ilf Milpliiirit* arid, mid I pm in nf milimlnrni M\alir 
arid fiir Ittiiifi hnir ipniis at a irifipti'atlirr <»f Till hill 
Aftrr rrpfailnl r\friniinii hI tin* iiifli iiairr, tli** 

rrsidiif* is dissidvnl in IpiI ;iiri*lii4, mniimnia nu^ rifiiiimird 
t!iriiilg.!i tlir snltilinin mill tli** rrpiilliiir |iirii|4tiilr in liriiini 
witli lifiiir nr livtlrnidiliirit' arid. Hn* Inriiis iliirk 

rnd riniiiitiir rrysfids nr s!iitii!i|i pna'iii^di ml 

It iii»i’iiiiipnHi'fi nil linitiiig it It iiisiiltililt* 

ill mail IT, hut sifliildr in idrnlml aiid nJitida! iirrtir nriil. ivitli ii 
yidlnWiVli mi rnlnr iiit*l willi ii inmitiiliip* ir*! riilni in nlkitlii'M. 

Till* fiiiirsr Ilf thr rnirlinii hrHiriii llir* |iiir||iii iiinl iiviilir 
firici nr rtillitT' tin* V( fniiii llir iiriii in rlpuin iia fiiliinvs: 

M CfiHiOH 

t 

H O.iHiOH “ O "C-.HiOH + aH^O 

ho„h.,oh’ *"*" 

j ptitfitti 

Hrclllfilig iigiTils riitisr iwu ntniiis iif livdrngfil In hwiinr 
fixrii ill Ilia iiitilrriilr iiinl iiimi l!i»* rliniiiii* «i| Iliiilcifiis. 
Ill till* sniiii* sii I tint IriiiMiiiriti#* fnriiird %%liirti m m iim 

iixyfrijiliiTivl liiiiliitiiis 

Tlir iiitiiiiiiti!* rrlatinii miriii himr’«^ fi# if.iiainmiiiliiir in pfniwii 
by tip* fmi tlnif rm lifsatiiii.* udii ippiriin^ aiiiiipiiiia hill’ ; 
ii m rniivrrtrd lutu piiriirnraiiiiiia* 
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Aurin is usccl in stninin^i^ pupcn* niu! as a lake* for 

dyoing- rarpots; as a spirit lacfpi(*r it is appHcal to color t in-foil. 

Tiicrc* is oft(*it a c‘onfusion of the* t\V(^ rianios aiirinc* and 
rosolif* acid; thr* hit tea- is a na^tliyl dta’ivaiivi^ of Uh' fornna* 
and results from omphjyinK nailiylplumol or c‘rc\sol in place* 
of phenol in its muimfac'iune Tln^ two foliowinf^ formulas 
clearly <lislin|;nish heiaveam tlimn: 



Atiririt MompUc acid 


Yellow Corallm is the sodium salt of crude uurimu 
Red Coralline coniaiuH iiitro|rf.n in tin* form of iin amino 
group. Idiis amino grtuip in inlrtidiiced into the molcanile 
of iiiiriii by heating it with iimmonia and aniline. It was 
first pr(‘parc‘d in Lyons in the early days of flit* coaLtar dye* 
induHtry. Ib*d eoriillinc* was for Home* time* an important 
product in il«* mark<‘t. It Homtdiiiies piinsed imdc*r the* nami* 
peouirice 

It probafily coiwistn of aitririe with oik* or more of the 
hydrojcyk replaccal l)y auiiiK) groiipn, as shown in tine formit!a» 



Eed tori Hint 


Its urn* lias clecrciised, and is now etiiphiyed to ft limited 
extfuit lo produce n bright real in cloth firiiiiing* 




C’n\l/!’\!t !ni:s 


f lAii.i if \\i: IH iv^ 

Aiiramiiie Aiiriimlne 0, it:- ii.'iiim’ trinii faiiriiiii) 

l^nM. It uiir mI’ ilti* vf'ry iVw nil.-. W inii 

it wii^ cliM'iivi-ri’il h> <‘nin am! i\<-rfi, ii-'- nt- 
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It is tho hydrochlorido of imidototramothyldiiuninodiphonyl- 
HKithane. Tlie sulphate* and the* ae^ctate* dis.s(»lv(‘ (‘asily in 
waten*. 

Mineral aetids on standini^ with it for a c*onsiel<*rahh‘ (init% 
or on !)oiling, decolorize! the solution dea'otuposin^ the dyc! 
into its constitucaits annnouia and the* orii^inal ke'tone* base*. 

Aurarninc! in conuneu'eM* appe^ars as a poweha* of a, sulphur- 
yedlow color. It dissolve's with difhculty in c'ohl wate'r, luit 
much more (aisily in wate*r warme»el te» 70 StP, or by acielify- 
ing the* water us(*el to disse)ivc* it. Alcediol alse) dissolve's it.. 

Ilyelrochloric acid aelde'd te) its aepie'ous solution cause's any 
unelissolveal particles to elLssolvc! at emea*. The* solution turns 
a darke*r shade* of yedlow. On heiiling the* nc'iei sedution, the*. 
d(*(;ompOHition of the* dye* iM'gins with the* formation of ammo¬ 
nium cdiloride and tc*tram('thyldianunohe‘nzophc*non(‘. 

This dea'omposition of auraminc! in boiling wate'i* is sheuvn 
as follows; whe‘r(!l>y it forin.s the^ same? HubHiauces which were* 
used to make! it: 




0= HH 


>N(0H:d2 

+ H./0 = 


H(CH3)2-|Hai 
Aurtmiaa 


ymoB.h 

0=0 _ + HHiCl 


>N(0H;,)a 
T«traineth)'ldiamln»b«Dzo|iheno&« 


CauHtic Hoda caiiHOfi a whiu* pn'cipitatn in the Mnlution of 
the ilye which will (iiHHolv(. in olhcr. AccUc aciil tiiriiH thin 
ethereal Holution yellow. The Kolution in Htrong Hulphnrie 
acid iH without color, hut the Knuluiil addition of watf>r rostoren 
it to a pale yellow Hlnwle. 

(’otton which Inin la-en mordanted with tannin and tartar 
emetic is dycal yellow. From a neiitral hath, wo(»l and .‘•ilk 
are dyed the same yellow cador. Aurainine i.'i alati employed 
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for coloring paper and leather^ and it is still further of use in 
photography for producing yellow plates. 

The present process of manufacturing the dye employs a 
method discovered by Sandmeyer in 1889. This involves 
the heating together of tetramethyldiaminodiphenylmethane, 
ammonium chloride, sulphur, and salt in a stream of ammonia 
gas. 

A thioketone is first formed as an intermediate product. 
This thioketone is then transformed into auramine by the 
exchange of sulphur for the imino group and the union of 
hydrochloric acid with one of the amino groups, as shown 
below: _ 

)>N( 0 H 3)2 

c=s_ 

N—N(0H3)2 


The formula of auramine given above has been written in 
a different manner by Stock, in which a quinone structure 
appears as follows: _ 

^N(CH3)2 


C—NHo 


=N(0H3)2 


Cl 

Atiramine (Stock) 


By reduction, two atoms of hydrogen become fixed in the 
molecule of the yellow dye, changing it to the colorless base 
—^the leuco base which on oxidation turns again into the 
original yellow: _ 


/< ( ) >N(0H3)2 


0—H(NH2) 


'-O’"' 

Leuco auramine 


N(0H3)2 
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TABLE FOR OOMPARISON 

L.EUCO BASE; COLOR BASE—THE DYE! 
ROSANILINE 



NH2 

The dye; 


ACID FUCHSIHE, OR ACID-MAGENTA 



Acid fuchsln^ Acid fachsine, 

ieuco base color base 




NH2 

Pararosaniline, 

parafuchsine 



NH2 

Rosaniline 

fuchsme 


NH2 

Rosaniline 

fuchsine 



Kew fach^me 
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NH2 

Para-rosanillne 


NHOH 3 

Methyl violet B. and 2B. 




N(CH3)2 

Crystal violet 


N(CH3)2 

Methyl green 






138 


COAL-TAR DYES 



#H2 

01 


^N(CH3)2 

Cl 


I 

/\ 


Malachite green 


(CH3(2N, 


/\ 


I 

/\ 




:N(CH3)2 


(CH 3 ) 2 N 


/\ 


Cl 


^yN(CH3)2 

Cl 


VXc/'V 


01 




Malachite green 




01 


(CH3)2Nf^ 


.x\y 


;lf(CH3)2 


(C 2 H 5 ) 2 N| 


Victoria green 3B. 

Bluer than malachite green 

^yN(02H,) 


01 


X/Xc/'N/ 

I 


SO4H 


(CH3)2N, 


Malachite green 


I 

/X. 


Brilliant green. 

Yellower than malachite green 


N(CH3)2 


(CH3)2N, 




01 


A 


\/ 

Malachite green 


^yN(CH3)2 

01 




X/ 

N(CH3)2 

Crystal violet 
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HoN 


/\ 


Cl 








NHCgHs 

1 

Cl 


NH2 

Pararosaniline 


V 

NHCfiHs 

Diphenylamine blue 
spirit blue, insoluble in water 


CHq 


(CH3)2N| 




I 

Cl 


VXc/'V^ 
1 


u 


CH 3 


NHCHo 


Cl 


Malachite green 


Xq/'V/ 

1 

ci/X 


X^ci 

Fim blue, glacier blue 


(CH3)2N^ 

\/\c^ 

1 

/X 




N(0H3)2 


(CH3)2N 


Cl 


,^N(0H3)2 


OH 

I 

c 

1 

/X 


( 0 H 3 ) 2 N, 


V 

Malachite green 

/\n(CH3)2 

OH 


\/ 
Chrome green 


CO*OH 


JOO.OH 

Chrome green 
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NHCgHs KHCoHjSO.-jNa 

Aniline blue, Alkali blue, 


insoluble in water soluble in water 






CHAPTER VII 


THE CLASSIFICATION OF THE COAL-TAR DYES 

The arranging of dyes into classes must naturally depend 
upon the differences and similarities which they exhibit. 
Since these differences and similarities will change if the 
point of view be changed, it follows that there may be several 
classifications, e.g., one based upon the source or origin of 
the dye; another upon the method of applying the dyes to 
fabrics; another one upon their chemical constitution, and 
so forth. 

Classification by Source or Origin. From this point of view, 
the coal-tar dyes may be classed as, aniline dyes, naphthalene 
dyes, anthracene dyes, phenol dyes, etc. This arrangement 
is a confusing and useless one; because some dyes contain 
more than one of thc^se substances. 

Classification by Method of Application. This arrangement 
would be most useful from the point of view of the dyer, as 
the following eight classes will show: 

1. Acid Dyes. 

2. Tannin Dyes. 

3. Dye Salts. 

4. Sulphur Dyes. 

5. Vat Dyes. 

6. Mordant Dyes. 

7. Developing Dyes. 

8. Albumin Dyes. 

This exhibits to the dyer a tangible conception of why 
any particular dye must be used in the dye vat, whether 
it can be used alone, or must have some assisting substance 
also present in the solution of the dye; whether the goods 
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must be treated chemically before entering the vat or be 
exposed to air or other chemical treatment after leaving 
the vat; e.g.: 

The Acid Dyes. The majority of these are sodium salts 
of sulphonic or carbon acids or nitro acids. Examples of 
these in order are the azo dyes, the eosincs, and picric acid. 
Wool and silk arc dyed directly with the aid of an acid or 
an acid salt in the bath. They are not suitable for dyeing 
cotton. 

Tannin Dyes. These are also called basic dyes, and they 
are for the most part hydrochloric acid salts of color bases. 
Cotton, when first treated with tannin, is easily dyed, while 
silk and wool often take up the dye directly without any 
assistant. 

Dye Salts. Named from the neutral or alkaline salts 
which arc dissolved in the solution of the dye. They are 
sometimes called direct-cotton dyes and substantive cotton 
dyes. The latter name is not wholly appropriate, for some 
of them are also very suitable for wool. The dyes are usually 
sodium salts of sulphonic or carbon acids and arc taken 
up by the cotton fibre in this state. Common salt and 
Glauber^s salt are used at the same time in the bath. 

Sulphur Dyes. This is a class of colors which have come 
to the front of late years on account of the cheapness and 
fastness of their dyeings. They produce fast shades on cotton 
from a bath made alkaline with the soluble sulphides. The 
development of the color usually requires oxidation after the 
material is removed from the bath. 

Vat Dyes. These dyes are indifferent in their chemical 
behavior and show no attraction for the common fibres. 
They can only be fixed upon the material by bcung reduced 
to their leuco compounds in the vat; the material to bo dyed 
is then immersed and becomes saturated with the reduced 
dye, for which it shows a real affinity. Then, by removal, the 
color is developed by subsequent oxidation on exposure to 
the air. Indigo blue is an example of this class. 

Mordant Dyes. These dyes possess a weakly acid character 
and exhibit no attraction for the fi.bres. They become dyes 
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only when united to certain substances called mordants, with 
which the fabrics arc impregnated before entering the dye 
bath. 

Alizarine is such a dye; it is a yellow and almost in¬ 
soluble substance which, when boiled with cotton previously 
treated with aluminum salts and Turkey red oil, and afterward 
with calcium salt, produces the celebrated Turkey red. 

Developing Dyes. The developing dyes are insoluble and 
hence as such cannot be applied to the textile fibres. They 
are produced upon the fibre itself by saturating it with one 
soluble component and then imnuu’sing it in a bath of another 
soluble component, when these components unite to form 
an insoluble dyestuff fast in the substance of the fibres. Para- 
nitraniline red is produced in this manner. 

Albumin Dyes. Require some strongly adhesive substance 
upon the fibre before the dyes will be taken up. Albumin is 
frequently used for this purpose. Many of the mineral pig¬ 
ments and color lakes have been employed in this way. 

The division of dyes, as shown in the above grouping, 
reveals little or nothing of the chemical constitution of the 
molecules of the various dyes. An attempt to classify thcj 
dyes upon thci basis of similar chemicnil constitution originat('.d 
with Graebc and Liebermarm in 1867 , bastxl upon the (‘.on- 
version of dyes into leuco compounds by the action of nascicnt 
hydrogen. Little resulted from this; but in 1876 Otto N. 
Witt proposed a more adeciuate theory of the constitution 
of the dyes. 

In his investigations he r(‘4i(*.h(Ml (‘conclusions which may 
be stated as follows: 

1. In every dye molecule th(n’e is a (‘.ertairi group of atoms 
which has an (‘specially powerful influences in making the 
substance a dye, and as ho n^garded it as the nc(;essary color¬ 
giving group, he called it thci Chromophore.” 

2. When this chromophdre enters into combination with, 
or may be found as part of a larger molecule, this larger 
molecule is called a ‘‘Chromogen.” 

3 . The chromogen is not a dye, but it becomes a dye upon 
the entrance into the molecule of such groups as will give 
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THE AZO DYES 

This clasH oi (Iyc‘s takers its iiaiiH* fnnii thc‘ wonl “ nzott*/’ 
th(‘ Fr(‘ii(‘h for nitrogon, not. only !H*{*aus(^ the* (‘Icnnait 
nitrogen is prescait in evaa-y one* (jf i!i(‘ dyes, but bca'ause 
it is pn‘S<ait as a <loub!c‘ nitrogen atom or group ealbsl the 
azo group. This p(‘euliar group (‘onsists of t.wo atoms csf 
niirog(*n bound to caieh othm* hy two ra!ene(\s, while* two 
fre(‘ vaIc‘ne(‘Sj om^ to each nitrogeai ntoiU; thus 

—N=H— 

are left for the attachment of otlu*r atoms or grempH. In its 
formation the; azo group is not produccal alcme, but it is always 
el(‘V(‘lopc‘d fnmi a single* amino group of mouh* primary amine, 
<^g., aniline* hy the* action of nitrous nciel, which furnisiieH 
tlie* Hca'oncl nitroge*ii atom of the* gremp. 


Diazo ('oMeoL^Nim 

As predimiiuiry in e*ve*ry iiiHtanca* to the proclueiicm e^f an 
azo elye, a diazo c*onipoiimi must first he* tormeal, this elaan of 
boclif*s will be brie»fly dise'iiHsc*fi, In their e*omposilion, they 

posH(*HS the* azo group X X ., an we*ll as the true* azi? dy<»s 

afterwarel (le*v(*lopeel fremi tlieaiL 

When nitreaiH fiinicH (X^O;f from nitric acid ami Htarch or 
arH(*nicmH oxide) are* pitHseal info a cold aedd soliitieai of an 
ariiliiKt salt, e.g., the? chloride, tint feiilowitig n*prc*Heiiiaiivet 
action iiikc!s place: 

As^Oa + 2MNO3 = HgO:! + + H^O 

Sflfr0tti 

aabydrMt 
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N2O3 + H2O = 2HONO 


01 = CeHsNrN—01 + 2 H 2 O 

Diazobenzene chloride 


Aniline hydrochloride 
nitrous acid 

This process of converting amino into diazo compounds is 
known as diazotizing, and the products are diazo compounds, 
in this instance diazo benzene, and as the free acid present 
immediately combines with it to form a salt, the final product 
of this particular reaction is diazobonzene chloride. 

In practice the nitrous fumes are not produced outside and 
then conducted into the solution; but the nitrous acid is formed 
directly in the cold acid solution of the amino compound by 
the addition of sodium nitrite, which immediately decom¬ 
poses by aid of the mineral acid present and furnishes the 
required diazotizing agent. The substances arc used in the 
molecular proportions indicated in the following reaction; 

OeHsNHs’HCl + HCl + NaN02 = 

Aniline 

hydrochloride 

CeHsNrN—Cl -f- NaCl -f 2H2O 

Diazobenzene 

chloride 

The reaction is quantitative and it is one of the most easily 
controlled of any of the reactions of color manufacture. It 
is carried on at the present time upon an enormous scale. 

If in the above reaction nitric or sulphuric acid had been 
used to dissolve the aniline and also to a calculated excess, 
then, on adding the sodium nitrite, the corresponding salts 
of diazo benzene would have been formed. Their formulas 
are: 

Diazobenzene nitrate, C6H5N:N—NO3 
Diazobenzene sulphate, —SO4H 

The diazo compounds are the starting points of the azo 
compounds. 


C 6 H 5 N 


HljH H 


H Ol N 
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The (liuzo l)C‘nz(‘n(‘ salts or t.]H‘ diazo salts, ns nr(‘ 

calkaly ar(‘ in ^(‘lun’ai very unstahln bo(li(‘S, and if allow(‘<1 to 
dry aro in dang'cn* of spontniH'ous (‘Xplosion. lAaai if th(‘ 
cold Holiitiou in which tiny nrc‘ forin(‘d is h(‘at.(‘d, thc‘ diazo 
compound d(a*ompos(‘s, (‘volvin^ nil its nitro^’tm in fiiu* hubbI(‘H 
rising through th(‘ li(iuid; whiles n^sinous prodmds ar(‘ fornu^d, 
if th(^ solution w(‘r(‘ ncnitral; but if a<*id is present- a, 
plumol r(‘sults, us r(‘pr(‘scnt(‘d by tla^ following (Hpiatioti: 

CfjH^NrNCl + HmO = + HCl + 

Aniline Phenol 

hydrochloride 

The free diazo lieiizene, C,:Hf,N:NOH, is so unstabh* that it 
d(a‘oniposcs at. once on bthig sepaiaited from its salts. 

Th(‘ diazo compounds b(‘come more stable* if <‘lcciro' 
n(‘gativ(‘ groups an* pn‘sent in the b(‘nzem‘ ring. Diazo 
nitrophemol, h)r (‘xaniplc*^ may In* preserveel in tin* frcM* state* 
without imdca'going decompe^sitiom 

Th(‘ fact isj liowc*vc‘r, that diazo coinpeamds an*, in general, 
so unstable* that thear u.se* in coku* manufacture would be 
largedy prohibitcal if it, wen* in practic'e maausary prepare* 
tlumi in the dry state*. 

All <langc*r c»f (‘Xplosion or of slow ele‘e*ompciHition may fa* 
avoiek‘(l by pn‘paring thc*m in redd solutiem and then cem- 
verting tlu*m int-o azo compcnmels, or dyes wathenit isedation 
of thci eliazo Hufmtanea* in thc^ dry state*. 

It may bet state!, howa*vc*r, that in recent, years, Htabb* 
diazo compounds have bcc‘n pn*|J3inal which c*cnilel sabdy lie 
stored in thet solid state*. A patent proeess at Heielint on the 
Hhine consistH in evaporating the* strongly ac*id scdiitioris fif 
diazo eoinpouncls at 45° and mixing tlic'in with inert nm-tt‘rial«; 
or anhydrous aluminum sulphate may be tiHe‘d to c*cinvi*ri the 
eoneentrated diazo solution intei ilie soliel stall*. Dtlier 
methods are used l,>y differreni firms. 
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jirii|tarty nr only lo a f4k4it 4«4ttof' Slpnilii ilia n‘t‘mi4 fiiriii 
l#a IraiilfMl %ytii itii ipBI i* rlirjti|f«'4 liiial* ilftn ll« iMiiliiar 
tt'lliall liliifa ttilli |l}pil*ilh to Birili II/mi 4yap. 
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Banib(‘r^(‘r as(*nh(‘s ih(‘ diazoruuni fonnulii to ilu^ (HH^ 
aetiv(‘ upon pluuiols and to tlH‘ onc^ iniu*tiv<* witli pluniols^ lh(‘ 
formula givani })(‘low: 


C(jH5N=N, 

ONa 

Active with phenols 


C(iH5N:N0Na 

Inactive with phenols 


He regards th(^ active^ form as tin* first* prodiud- of alkalit^s 
upon th(‘ diazouiiim ehlorid(\and tin* inaetiva* form as a. trans¬ 
formation from th(‘ first* by th(‘ furllHa* action of t.h(‘ alkali. 

liantzseh, how(‘ver^ written tin* foiamda for both alkali salts, 
('oHsN; XONa, but draws upon st(n*e()-(*lH‘mi.st ry to (*xplain 
the dilb*renee bedwtHm tlu^ two as tlu^ following formulaH 
show: 


HaOH 

Syndkzo compound, 
active with phenols 


KONa 

Antidlas^o compound, 
inactive with phenols 


Bamberger holds a still difTta’caii vd(‘W and aserilK's thc^ 
formula, (laHf,X: X“—C)K to i\u* active diazonium alkali salt 
and th(^ phemyl nitrosariiine formula, (’(|Ilf,XK—X<), to th(* 
inactive alkali salt. By the action of acids evem of atmos- 
pheric, €(> 2 , tint inactive form c!uingt*H into tln^ activ(‘ form 
which can product* azo dy(*H by acting upon pli(*n(dH. 

IhiTnbergc*r and Ilaniszch both agree* in accepting the diazo- 
nium formula of lilomstrand as tin* mnanal ont* for diazo 
benzene salts resulting from the* action a! nitrouH at‘id cm 
primary amin<‘H; but bc’yohd this point app(*ars divcu’gcmcc^ 
in their views and also in the opiinions of <dhc*r clnmiistH. 

In tlie following discuHniem of diiizo cornpcnmds, as tlic»y 
relates to azo dyes, and in writing the formulas of the dyes 
themselveH, the Kekulf* constitution will usecl for c»conomy 
of space and from the uiicertaiiity associated with tlie newer 
formulas. 






iiviis 


TliK A/n C 

llioilifli fill* rfHii|Niil!i*|". mitit’li furifi flu* f»f llii* 

i!yi‘ iir<'» lU'ii* iiit 

I\r*K, ihi’ fir’-l lifti'rfi ua'ii'-” iiitli liifJ*' liiiit of 

<‘|MH'li-iiiakilii! \. \iji!iiif* m a*' * ii «l iii 

iMii hy n >**ar hitor hy ^ aiai in lii-iiiairk 

Ifrown: liiiilit’r wns af‘f’Hiij|4i>ii‘*! |m: iniiri' limn h 

I rranafiii fill lliiN lat'k of tho iiii'tii irfi iiHiinii 

lliat tin* ri*iji|iiiu!iii?*4 lia»i t«» !«' si'inira!*’*! flu* 

Mtliitifiii ill uhiali llii'V tti'fi* foiiiir4 itfi'ois- i'^iulnuhit* it mitii 
all .‘iiiiiiii’ or |»liiiifii to ilto 

l*lir iiTi’ of tlp’ s|iii/o iiiai ifio i 

Iiitli II iiiaT-wrmiy o»ilii|w»iifiif foim fi||o iif flu* iiliil 

ii}iii'ftlitfim ill IIm <lif niniiiilai**nto, 
l*lin inifliliofi Ilf aiwiiniii niliifr* in aii ;p"i 4 nijiiiiMii lif an 
iiltiiiif liiiriiig iliii/fiti/iitinii iaanh foiiirv41i^4 In iilmnnn n 
of llin fPiliiliiiii ii|tiiii iiIf!ir-flilt'll |iii|p"i, mliit'in mlp-ii any 
r\i'i*aa «if fri'i* liiti'ifiia ipisl ia |ai*oaii, a lilno ntmu at 

ifiilinti iiiic a aiiflifaniii aiklitioii ni nili ii«* 

Intf Hii ritain" imtiifi*lifi|t nl ftp* min «ly«^*'n llpy iim 
sirniiigp*! ill gi'iiii|pn 

Am* IhivH 

Anilin# ftllow fl86l|, 11io iiuiiiIiiT ul htmlt nmi lirtm lA 
Milltll, IIIpI Itliililp* ynllilir i«: lllllllliriaal Iillinlig I Ilf lit. ft 
jinifliimi liy rinijilitiii, i‘lii*iri»lr* iiitli iiiiiliiir*; 

liiity lit firstj lip* is miiiili iiiumI 

ItiPIl llllfipri.fi It Irillislnriiiiitliill in |irii*|iirr tli«^ 4yf% 

Tilts rpiirliffii iit first rurriisfl t#iil m llm* ftillwititiif,: 

cifcrlii A«illw 
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A inolcTular rcairrangcancni of tlu^ lat.tcr jHirtion of this 
substances tak(‘S places u[)ou geaitks wanning with aniline^ 
chloride: 

C,iH.,N:N—[NHC,jHr, + H |c„H4NH.;H01 = 

Dtazoaminoben^ene Aniline chloride 


Oe;Hr,N: N—0(5H4NH2 • HOI + CaHr,NH2 

Aminoazobenzene chloride 
or aniline yellow 

The* prol)a!>l<‘ course* of this niol(‘cular n*acljusini(‘ni is that 
tlie* =NH group of eliazoaniiuo compound unites.s witJi a 
Iiydr<»gc‘n atom of the*. lH*ri/.c‘nes ring in the* ariilinc* chloride*; 
thus a mole‘e*uI(‘. of anilines wliicli was e‘ouple*d by its amino 
greaip is e‘!irninat4*el ami the‘r<* is joine‘el in its pla.e*(^ 5111 anilines 
molf*culei whie'h is coupled by its be‘n/a‘n(^ ring, ami phu'cs its 
amino group in the para petition to the! azo group. Theai- 
rctically, a vf*ry small aniotmt of aniline! c*hlorid(! would Hufhcc* 
for tlie* cemvt‘rsion e^f a largo amount of diazoaniinobenize‘n(*; 
but; in pnictie*(*, dirfc*re*nt preipeudioiiH arc c*mploy^‘d. 

On a manufacturing scale* the* proc<*HS is enrriod out. as 
follenvH: To tlat anilino iake*n, only ho much hyelrex'hlen'ie; 
itciel and sodium nitrite! itret addoel as will convent onc4hird 
of the,! aniline* into (iiazoaminolK*nze*ue*, iiml ttuH proeluct 
re*mainH elissolveal in the (*xce»sH ct aniline* proHe*nt. llie* hydro- 
C'hleirie* achl iiiUHi liavo bcoii so euilculate*d thab afie!r the! 
decomposition e>f seKliiuii iiitrito, some* aniline! chloride* will he* 
prr*Hc*rit for the* Hc*<*oml pfiaHct cjf tlu! rctaciion, whiedi reapiire*^ 
gc*ntlo warming. 

Wlie*n the* loactiem is coiiipleti*, the*, oxcosh of anilino h 
dissolveal in eliliiio hyelroe*lilorio iie*id and filktriHl ofT from thc! 
slightly mlublf iinilim* ye*lhmx 

Tho chloriele* is tfic! c'ommorciiil form of tho elye*^ wliietli 
<*xliiliits iic*odlo4iko crystak of a bliiwli violot e*o!or with a 
bright liwtn*. It is innokibh! in water, but it clwH(jIvf*H in acid 
Holiitioiis with a fine* n*(l e*olf>r. f)n warming this milution the* 
salt is elocomposf*el nncl the? froej biiHe? m procipititieal; it may 
abo be C3fIoctcal by adding ammank to a solution of its salts. 
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In tin* fiiin* ih«* fn^t* finins vi41i»\v i-rv^Aa!'”, iiiM»!- 

iililn in w.niti* hul M^Inhln in 

If .Hilk is plart'fi in arid M4iili«ni aiiiliia* yi‘i!fn\, tin* 
rrdili.sh rnlur is ahs<»r!»f*d, tlir liriiiu talnii tii*’ silk 

ill llir furiii of liir sail ilsi'lf, liill nn \\iv4ilim lirriiiiijinsitinn 
riisiirK itn«i nil!}’ t!t«* frnr liiisr i.n ii|tnii llir liiina fiyriii|; 

if u yrllnw rninr. 

Aniliiii‘ yrllnw fur ruiniifin lull Mii nr«fniil 

nf ilH fii|*jti\‘r rlninnirr and it \ ulalili/iif iiiii sfriiiinsi, 

if is iifd iiitirli iiH'il a ily\ 

Its grriil iiiipniiafirf <lf*|ii'ipk- ii|w>ii its lisf* fis tip* iiiiliaJ 
sfaiiri* ill I hr iiiaiiiifaii iin^ nf nllin* valniihlr ii\r:n 

XMSf*riif liydrnirrii aniliii*' m l!niv at liii? jmiiit 

nf till* itniihti* liniid nf lln* it/n |!li*n|i ttilh fin' fni iiiiiiiiiii iif 
fiitiliiii* liliil |iiirii|4trtiyii'iif'i!iiiiiiiiir as 

4-411™ +• K 

llir it/i» pinilp i“'. tlin |*niiil uf ails n| all a/,if 
liiiiirr tin* iiiiliinirr nf aii4 llnii ra^y 

iiiti*priititin sm'rs ns an iiii|ri|taiii iiasm i4« iiiiin ntpiii i#| 

fill* ii/.ff fiyiss. 

Butter Yelltiw ^18751 is n 1 ih-riviitivr uf nniliiir 

yrlhnv liiiil n^iilts frniii < lilnfidi* 

liiiiirlliyl iifiiliiP*. It i' la*? m iviitrin Itnf i? 

in tiiln. Il> is filljiinvrd in I'nifil ii|li4, Iniltrin i tr ' 


IlMlIrf trllNif 


Biimarck Brciwn Ytmfiiic, Plitnyttiic llriiwfii Man- 

chtiter Br0w», Lctlhtr Brciwoi Cmmmm Bmwh, English 

Brown 11 niilluir a{ l^n ;«,«> r‘ifiljlOllll»i‘'S iflir * 
fifir 11/41 Iirii|||l, till* Iiflirr rniifJlitlilip 






\II, 


I- 4h'i^.nt|/rd »|lli II 


liiiillilr' irsiili. l!ii|r fan laiilfPi |Sl>ni|f^' $|i tip 

|lllljflfii rillif'r nr hntli limy rilfrr Iifinii llir liin/n lisirljnin 
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Ah a maitc‘r of fa(‘i, part has onc^ and part lias narh of th(^ 
two diazotizcal. Thc^ results iivi) as follows: 


0ejH4N:N—01 


Aminodiazobenxene 

chloride 


C(iH4 


.N:N 01 
\n:N 01 


Dis^axobenzeac 

chloride 


Th(^ t(‘rm dis-azo ndia-s to th(‘ double' n/.o ^roup. It is 
evideuit that th(‘ first eornpound is in condition to tKa'onui 
roupled with oik* inolecuh' of rn<'t.aph<‘nyl(ui<'<Uanunct and 
the sc‘<‘ond with two such moh'cuh's: 




/KH.. 

= 0,;H,,N:N— 

' HOI 

Oe^HjH:N—01 

4- 0,.H,,(NH.). 

Amlaodiaxobena^cse 

m-Fhenylene 

Btamarck brown 

chloride 

diamine 

(one component^ 

^h:h—01 

+ Or,H4{HH2; 

.N:N—0,jHX 
/ - HCl 

Or,H, 


= 0<jH4 

\n:N—01 

+ c,|H4(hh2: 

\ /NR, 

h ^N:N— 

^NH^-HOl 

Dis-aiobeuxtne 

m-Phtnylene 

Blimarck brown 

chloride 

diamine 

Cone component) 


Till* ronslil litional formula ed the H<‘r*oiid caunpoiifuit <ixhibit-H 
the position of the iiiiiino groups in the dyc»stufT: 



HH^-HOl 

ISrH2*H01 


Bifmarck hmwn 


It has been found tliat tliis caumtituemt up tin* 

largc*r part of the coriiniercial <lyc». In cornrncwco, it fipp<*iirB 
iiH a hrowai powcler wdiiclt <liH«olvc*n in waic*r to a lirown Holuiion 
iiiiiifT<*c*if*d hy hydroehlorie ac*i<L C'liiwtie nodii pn*eipitfitc‘K 
the browiiiHli»ca>lorcHl free* base. Ileditcdng agents, c*.g., «ian- 


r\i; in i,s 




I,j,. .. 

.■I' avw-J Ih,- ... ‘ ^ 

V", "■""In.i'.-I . . ... , 

...... 

ChryscMte „H„, i. ,, 

. .. ..I ..I 

"" ... »i.... .i... 

; ' : ..“I "f 

.(, „„,i 

Iff phi'inh'Ut’tliuiiiiuf, 

= . 

,i... f.4J,nuru.f„r«.ui...; 


HH.! 


0.,H. urn 


«M .HCl 


Cliff %«|»||^tie 

in bn. : (.j,. j. , 

.. H.l.lnl, hnmn «b. i, 4,. ,4,, . ,,, 

•'*' 1 '*"'"' ’4’l!in»u. i.uii,,. Ibin. :nj<. 

r.-ni'., ■ i!,,. -.J .,,3 ;* i..l,h4, hr,.u.. 

. .i.. ^ . ..;; 

I ■" ... »'"i 

ti I Ilf If. Ill rhrrn n ,j ^ ^ ^ 

VV.iMt Mlk »,;n |,n .^n.i .f,..,!, 3 „,n{ .nltu,, r^u^ 

«.H, V.mum ...Inr, I,. 3 ,.,. j,/ 

' * l« «|l * 

i flK .Inii IllltM 

TI..- „l „„ .Iv, . 

'""in'';'/!"'.''/,' . .... 

I Mf fi^ <t\v If 4 ‘ / f I If ^ SI * 

' *'<»'* .'ill ih.'ir.it'SiT thnfjyi'.* 
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The influence of the sulpho group is to render the dye 
soluble but at the same time to lessen its affinity for the 
cotton fibre. In fixing a sulpho group in the molecule of a 
dye, concentrated or fuming sulphuric acid at varying tem¬ 
peratures may be allowed to act upon the ready formed 
substance; or the sulpho group may be already fixed in one 
or more of the components before they are coupled by the 
diazotizing process. 

The position and number of the sulpho groups both have 
an influence upon the shade of the dye or upon its fastness 
to the various agencies that act upon it during its application 
to fabrics or those to which it may later be exposed while in 
use. 

Then, further the sulpho groups are often present simul¬ 
taneously with the oxy group or with the carboxyl group or 
with both. 

Attention will be called to these effects of acid groups as 
the dyestuffs are described in detail. 

Acid Yellow (1878), Fast Yellow G., Solid Yellow, New 
Yellow L. is a sodium salt of the disulphonic acid of aminoazo- 
benzenc mixed with some of the monosulphonic acid. The 
sulphonic acid groups are fixed in arninoazobcnzenc by the 
action of fuming sulphuric acid according to the following 
equation: 


CqHs—N:N—O6H4NH2 + 2H2SO4 = 

Aminoazobenzene 

C6H4—N:N—O6H3NH2 + 2H2O 
\s03H \s03H 

Aminoazobenzene 
disulphonic acid 

As a sodium salt, it forms the (‘.ommercial dye, which is a 
yellow powder. The formula is as follows: 

_ _SOaNa 

Na03S<^ N :N—<(^ 

Fast yellow 

Reducing agents decolorize it and act upon thc^ central azo 
group, breaking the double bond and fixing two hydrogen 
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Methyl Orange, Helianthine (1875), Orange III, Gold 
Orange, Tropaeolin D., Dimethylaniline Orange. The start¬ 
ing point of this dye is paraaminobenzene sulphonic acid, 
JI03SC6H4NH2, which upon diazotizing becomes diazo- 
benzene sulphonic acid. Dimethylaniline, C6H4]Nr(CH3)2, com¬ 
bines with this as follows: 


<J6H4—N:Nv + 06H5N(0H3)2 

Diazobenzene Dimethyl- 

sulphonic acid aniline 

(anhydride) 


C6H4—N :N-06H4N(CH3)2 

\s03H 

Methyl orange: 
free sulpho acid 


The constitution of the commercial dye which is the sodium 
fcjalt of the above compound is shown below: 


lfa 03 S<(^ N :N—</ ^N(0H3)2 

Methyl orange 

By comparing this formula with that of fast yellow R. 
it will be noticed that the two methyl groups in place of 
being fixed one in each benzene ring arc here both contained 
in an amino group. This change of position deepens the 
shade of the dye from reddish yellow to orange, and it also 
strengthens the basic character of the amino group for the salts 
which this free base forms with acids are much more stable 
than those of simple aminoazobenzene, which arc decomposable 
by water. 

Methyl orange forms an orange yellow powder which yields 
a golden yellow solution in water. The coloring matter falls 
as an orange yellow precipitate on adding basic acetate of 
lead. Calcium chloride produces a precipitate of shimmering 
crystals, while solutions of salt or magnesium chloride causes 
the dyestuff to fall as such in minute crystals. 

Slight amounts of acid cause it to turn red, and because 
of its sensitiveness in this respect it is often used as an indicator 
in volumetric analysis, possessing the advantage over phonol- 
phthalcin of not being affected by carbon dioxide or semi- 
combined sulphurous acid; thus it may be used for titrating 
carbonates and determining free sulphuric acid in sulphites. 
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soda separates out a precipitate of an egg-yellow color. The 
violet solution in strong sulphuric acid lets fall a violet pre¬ 
cipitate when water is added. 

Wool and silk are dyed orange from an acid bath. 

The dye upon the fabric is fast to light and milling and 
possesses strong coloring power. Though sensitive to acids, 
it is still used for wool and also for mixed shades. 

Azo Yellow (1880), Azofiavine, Indian Yellow, Citronine 
are some of the names under which mixtures of nitratc'd 
derivatives of Orange IV appear in commerce. 

If concentrated nitric acid is allowed to act upon Orange IV, 
a fixation of nitro groups takes place in the diphenyl amines 
component of that dye. 

Several advantages result from this enrichment of the mok^- 
cule with nitro groups, the dyv. bec^.omes less sensitives to acids, 
and is therefore of increased importance in wool dycung, and 
the shade of Orange IV is thus more inclined toward yellow. 

Metanil Yellow (1879), Orange M. U"., Victoria Yellow. In 
this yellow dye may be observed the influence of a (diange 
in position of the sulpho group upon the character of a dy(\ 
The composition of this color is identical with that of 
Orange iV" save that the sulpho group is fixed in a meta 
position to the azo group in place of a para position. 

The preparation of the dye requires metaaminobenzene 
sulphonic acid, in which the position of the sulpho group is 
fixed before diazotizing and combining with diphenylamine. 

The structure of both dyes is shown below: 

SOsNa 

MetanU yellow. * 

Yellowish orange. 

Rosaniline red color and 
precipitate. 

Unchanged. 

Metanil yellow is employed more for wool than for silk, 
and it dyes an orange yellow from an acid bath. It is used 
for coloring both paper and lacquers. Though fast to light it 
is less so to acids. 


Na 03 S<(^_; N<(^ ^KHCeHs 

Orange IV. 

CorapariBon. Orange. 

Hydrochloric Violet jirecipitate, 

acid. 

Caustic soda. Yellow precipitate. 
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scope tie diazo reaction comprised was not learned all at 
once. There wnre A^arious periods of quiet which were 
changed into periods of enthusiastic investigation and tech¬ 
nical activity when some new and untried substance was found 
available for diazotization or some new compound stood 
ready to form the second component and join with the diazo 
compound to produce a new color. 

POVCEAU DtES 

Among otherS; a group of dyes known as ponceau (poppy) 
dyes was discovered in 1878 . They led the way for the 
production of the first scarlet dyes and similar compounds 
which are distinguished for beauty and cheapness. 

The study of the methods of preparation of these dyes 
and a recognition of the different behavior of the naphthol 
disulphonic acids known as the R. and G. acids exerted a 
powerfully stimulating influence upon the synthetic prepara¬ 
tion of dyes for a long time afterwards. 

Typical substances used in the preparation of these dyes 
were the isomeric xylidincs, C6H3(CH3)2NH2, which were 
diazotized and united with the sodium salts in alkaline 
solution of the two /?-naplithol disulphonic acids distinguished 
as the G. and R. acids. 

In place of xylidine may he used cumidinc, C6H2(CH3)3NH2, 
and again other naphthol disulphonic acids may replace those 
above referred to. 

The two acids referred to as R. and G. acids are both 
disulphonic acids of / 3 -naphthol, and only differ from each 
other in the position occupied by one of the sulphonic ackl 
groups. This difference in the position is important, and to 
recall the method of designating naphthol compounds the 
formulas are given below: 

HOaS-ys^-SOgH 

R>acid or i?-ITaphthol 3disulpho acid 



G-acid or i^-Ifaphthol 6 :S disulplio acid 


Ponceau ^G. Brilliant Ponceau G.G., Ponceau J.J., 

Scarlet 2G., i- <-n-- H.- In-i ■••••ul. s 'i,*.•'>. i- tb- 
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toward the yellow; it dyes an orang(^ y(*llow, while ]>one(atu 
2 G. (lyes a n^ldish ()raii|j!;(‘. 

IIydro(;hl(jri(‘ acid (aius(‘s a yc'Ilowish brown ])r(ud|)itat(^ to 
fall. B(‘si(k‘s dyeing wool from an acdd bath it is (‘iiiploycMl 
in (adoring la(a|U(n\s. Its solution is t<urn(‘d brownish ycdlow 
by <^auHti(5 soda. Strong sulphiiih; acid forms an oranges 
yellow solution whicdi giv(»s a ycdlowish brown pnadpitab^. 
with addition of watcT. 

Cochineal Scarlet G. (1883), is a rnonoaedd dyt^stufT whicdi 
(‘xhihits the (died of a (diangc^ in th(! position of th(^ sulpho 
acid group in tlie mohaaihi. This dye is an isomer of pone(‘au 
dCi.B., and difTcu's from it only in liaving th(‘ singk^ sulpho 
group in position 5 instead of iri G. 

Comparison of the formula with th(‘ prcaaiding (dc‘arly shows 
this. 

OH 






SOrjHa 

Cdchiae«l Ktrkt O. 

It is made from diazotized anilines and cf-naplithol sulplio 
acid (J. 

The rdiimged position of the sulpho group from position 
6 to 5 changes ihc! colm* from orange* yidlow to a brick rc‘ch 
It ykdcls a rinl pr(*eipitate on adding hydrocdiioric acid. (Jaustie 
soda clianges thu a(|ueou« Bolution to an orange* yedlow, (Jori- 
eentriit{*d sulphuric^ aedd diHHol¥(»s it to a ednuay real color 
whiid'p as waictr is added; yiedds a brownish red preedpi- 
tate. 

Wool is dycnl a bri(?k red from an acid bath; and it is fast 
to light. 

Sudan 1 (1883) is prodii(!c*d from diazotized anilino and 
/i^»naphthoL No sulpho iwdd group m present in the mole?- 
cule. In this respect only it differs from the last named 
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The commercial dyestuff is a bro-wnlsh red powder which 
dissolves slightly in cold, but easily in hot water, with a scarlet 
color. Hydrochloric acid gives a brown precipitate in this 
solution, while caustic soda turns it darker in color. A violet 
colored solution is formed with strong sulphuric acid from 
which a yellowish brown precipitate falls on adding water. 

Fast red A. possesses strong coloring power and it produces 
a red color on wool dyed from an acid bath. It is also used 
for silk and but little for cotton. 

Its fastness to light and milling and its resistance to dilute 
acids and alkalies are the causes of its retention to the present 
time. 

Fast Brown 3B. For the starting point of this dye there 
is required a sulpho acid compound of /?--naphthylamine, 
which has the acid group in the position G, as shown here: 



^-N aphthylamine- 
6-sulpho acid 


When this compound has benm diazotized it couples with 
^-naphthol for a second component, forming the dye fast 
brown 33 , which dye is here represented as the sodium salt 
that appears in commerce: 





HO 

Fast brown 3B. 


The dye is sold as a brown powd(T which gives a brownish 
red solution in water. Hydrochloric acid turns the color 
to reddish violet and a rosanilinc^ red color is developed by 
caustic soda. The blue solution in strong sulphuric acid 
turns to a reddish violet as soon as water is added and then 
deposits a precipitate. 
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X S. (1878), Fast Red D., Amaranth, Fast Red E. B. 

ne empirical formula as the last named dye Ponceau 
a different structure, and it allows a comparison 
of the differing shades of the two isomers. Both 
?'es, the former a scarlet red and the latter a bluish 


dal component of both dyes is the same naphthionic 
Bordeaux S. results from employing R. acid in place 
acid to unite with the diazotized naphthionic acid. 



^-Naphthol disulpho acid or R-acid 


. acid is attached at position 1 to the diazotized 
lie acid. The commercial dye is a sodium salt 
ed below: 


N-.NOioHeSOaNa 


]sr2L03 s— 


—SOgNa 


Bordeaux S. 


nparing the formula of this with that of its isomer 
4 R. the only difference consists in the —SO3H group 
he position 3 in this dye in place of position 8, but 
nge develops a bluish character in the scarlet red 
au 4 R. 

lux S. is a brownish red powder which gives a rosani- 
color to water. It is not changed by hydrochloric 
- caustic soda turns it dark. It forms a violet solution 
g sulphuric acid and this only changes to a bluish 
>on diluting it. 

j the property of equalizing well in dyeing. Wool 
from an acid bath are dyed a bluish red and this 
not sensitive to acids or alkalies. It is fast to light, 
chsine G. (1889) is employed for bottoming indigo 
and it is further used for mixed shades on cashmeres. 
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’he point where coupling with the diazo compound takes 
ce is at position 2, and the result of the union is given 
Dhe commercial sodium salt: 


OH 


NaOoS- 


-N;N06H3(CH3)2 
I—SOsNa 


Palatine scarlet 


The dyestuff is a brownish red powder which dissolves 
dly in both water and alcohol with a scarlet color. 

A gelatinous yellowish brown precipitate falls on adding hydro- 
loric acid, while caustic soda changes the color to yellow. 
From an acid bath, wool is dyed scarlet. It is highly 
ized for its fastness to light and further distinguished by 
stness to milling and the influence of sulphur. 

The color is not sensitive to the action of acids and alkalies. 
By referring to the formula of ponceau 2R., it will be 
)served this dye is an isomer. The difference consists in 
.e exchange of position of the hydroxyl and diazo groups, 
it this change is accompanied by a loss of resistance to 
^ht; for ponceau 2R. is fugitive on exposure. 

Palatine Red is similar to Palatine scarlet just described, 
it it differs in having a naphthyl group, —C10H7, in the 
ace of a xylidine radical. This change in composition is 
icompallied by a change of color from scarlet to red. 


OH 


NaOgS 


Palatine red 


NiNCioHy 
SOaNa 


Diazo n-naphthylamine plus ('t:-naphthol divsulpho acid R.G. 
roduces the dye whose sodium salt is represented. 

The properties of the dye are almost identical with palatine 
carlet. Wool is dyed a bluish shade of red. The color 
lossesses resisting qualities against alkalies and sulphur. 
;t is also fast to light to a considerable degree. 

Azoeosine (1883) is a dye especially for wool, to which it 
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COAL-TAR DYES 


communicates a beautiful eosine red color. The amino group 
for diazotizing is furnished by o-anisidin, G6H4NH2(OCH3). 
After the diazo compound is prepared it is joined to a-naphthol 
sulpho acid N. W., CioHgSOsHCOH). 

The commercial dye is the sodium salt, the structure of 
which is exhibited in the formula: 


OH 


/\/\ 


N:NC 6 H 40 CH 3 


S 03 Na 

Azoeosine 

It is a red powder which dissolves in water with a red 
color. A brown precipitate is thrown down by hydrochloric 
acid. Caustic soda turns the color to a yellowish brown. 
The carmine red solution in strong sulphuric acid lets fall 
a brownish red precipitate on the addition of water. 

In an acid bath, wool is dyed an eosine red. 

Lanacyl Violet B. —Among the monoazo dyes thus far 
considered the colors have been largely among the yellows, 
oranges, and reds and their various shades. It was dis¬ 
covered, however, that a certain kind of naphthalene deriv¬ 
atives used as a jcomponent would produce the darker colors, 
and under the proper conditions black. 

Lanacyl violet B. is one of these. The positions 1 and 8 
in naphthalene are known as peri or neighboring positions. 
A dioxynaphthalene 1:8 would be a peri compound: an amino- 
a:-naphthol 1:8 would also be a peri derivative with an amino 
group, (—NH2), in position 1 and an‘oxy group, (—OH), in 
position 8 of the composition: 


OH NH2 



Amino-a-naphthol, i:8 

The disulpho acid of this compound with the sulphp groups 
m the position 3 and 6 is what is employed in the preparation 
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of lanacyl violet, and it is called H. acid of the following 
composition: OH jjHa 

AA 

HO3S—SO3H 

H. acid, 

l-Amino-S-a-naphthol 
3; 6-disulpho acid 

The capability of producing a dark color seems to reside 
in the positions assumed by the amino and oxy groups. 

When subjected to diazotization and combined with ethyl 
a-naphthylamine, C30H7NH2H5, the violet dye is developed. 
The sodium salt is exhibited below: 

OH NiNOioHoNHCsHs 

I I 

A 

—S 03 Na 
Lanacyl violet B. 

It is a dark brown powder whose aqueous solution is reddish 
violet. Hydrochloric acid produces no change, while caustic 
soda turns it orange red. The solution in strong sulphuric 
acid is a greenish blue, which the addition of water turns 
first a greenish blue, then violet. 

Wool from an acid bath is dyed a violet which stands 
milling and is fast to light and alkalies. 

Lanacyl Blue B.B., resembles lanacyl voilet in requiring 
the same initial component, the H. acid; the second com¬ 
ponent is a naphthalene derivative also, but a different one. 
It is a 5-amino-l-naphthol, which for convenience in writing 
the formula of the dyestuff is represented in a reversed 
position: OH 



NH2 

5-Ammo-i-naphthoi 
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The sodium salt of the dye is 


NaOgS—1 




-N :N- 

/\ 


I 

OH 


-CO. OH 


Chrome yellow D. 


The yellow powder communicates a yellowish red color to 
its aqueous solution in which it is somewhat difficultly 
soluble. 

A gray precipitate of a gelatinous character is thrown 
down by hydrochloric acid. An orange red precipitate falls 
on the addition of caustic soda. A flocculent reddish gray 
precipitate falls from its orange red solution in strong sul¬ 
phuric acid as soon as sufficient water is added. 

Wool that has been mordanted with bichromate of potash 
is dyed yellow. The color is fast to light and it stands milling. 
It resists acids and alkalies. 


CHROMOTROPP3S 

The chromotropes form a group of dyes which take their 
name from “chroniotropic” acid. They are manufactured at 
Hochst. A peculiarity of them is that being azo dyes, they 
nevertheless are mordant dyes. In practice the shade of the 
pure dye is modified to a greater or less degree by the mor¬ 
dant employed. 

The dye is first applied and the mordant afterwards; thus 
it has the character of a developer and it is often called by 
that name. 

The chromotropic acid which forms the basis of these dyes 
is a peri derivative of naphthalene and it is also a disulphonic 
acid and a dioxy compound at the same time. The two oxy 
groups are fixed in the positions 1 and 8, which are known as 
the peri positions. The compound is definitely expressed by 
the name 1 . 8 -dioxynaphthalene- 3.6 disulphonic acidj and the 
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Upon wool in an acid bath, it affords a rosaniline red whicdi, 
by subsequent treatment with chromic acid, changes from a 
peacock blue to a very dark violet, according to the time 
of exposure to the action of the mordant. 

' The color equalizes well, and it is very fa^st to light, acids, 
and the action of sulphur. It does not crock. 

It is also moderately fast to alkalies, though not to milling. 
The range of its usefulness is increased by employing it for 
mixed shades. 

■« 

By comparison with chromotrope 2 B., next described, it will 
be noticed that the benzene ring, (—GeHs), contains no g]’oup 
substituted in place of any hydrogen. 

Chromotrope 2B. (1890) is a mordant azo dye and a 
derivative of chromotropic acid. The other or first com¬ 
ponent is p-nitraniline, C6H4NH2(N02). 

When this latter substance is diazotized and joined to the 
chromotropic acid, the dye is developed, and its commercial 
sodium salt is shown structurally as follows: 


NaOoS 



:NC6H4N02 


-SOsNa 
Chromotrope 2B. 


The only change in composition from the previous dye, 
shown by this one, is the presence of one rdtro group fixed 
in place of a hydrogen in the benzene ring. 

The presence of this group, however, changes the shade from 
red to a bluish red. 

Chromotrope 2B. is a reddish brown powder yielding a 
yellowish red solution in water. Hydrochloric acid turns 
the color yellower and caustic soda turns it bluer. When 
dissolved in strong sulphuric acid, the solution is a dark 
violet color that changes on dilution to a yellowish red. 

Wool is dyed various shades from an acid bath. It fur¬ 
nishes a bluish red when used alone: with a little potassium 
bichromate and acetic acid a blue, and with more bichromate 
and sulphuric acid a black color is developed. 
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Victoria Violet 4B.S. (1891) may well Lave been named a 
chromotrope dye, for it is derived from chromotropic acid. 
Indeed, it differs in no particular from chromotrope 2 B. 
just described, save in the loss of two oxygen atoms from the 
single nitro group and their replacement by two hydrogen 
atoms. 

As this loss of oxygen and gain of hych-ogeii is always the 
way in which reducing agents convert a nitro group into 
an amino group, so here this dye may be made directly fi-oin 
chromotrope 2 B. by reducing agents. 

OH OH 



Victoria Violet 4 B.S. is a powder of grayish green color 
which forms a dark violet aqueous solution. 

Neither hydrochloric acid or caustic soda causes a pre¬ 
cipitate; but, the former turns it yellowish red, and the 
latter a reddish yellow. 

Upon wool in an acid bath it dyes a bluish violet which 
is fast to washing and does not mb off. It is moderately 
fast to light and milling. A slight reddening of the color 
is effected by acids and alkalies. 

Chromotrope 6B. (1890) is a violet red dye which affords 
another example of a change in shade consequent upon a’ 
comparatively slight change in composition. This violet red 
dye may be considered as derivative of the bluish violet dye 
Victoria violet 4 B.S., described above. 
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If tins lultor (Iy<\s{ii{T should loso ono hydrogen at.orri from 
its >ii{‘!l(‘ uiniuo »‘rou[> and <;aiu in its plu(•<^ an u(*(d-yl, —^(()), 
^roup, lh<‘ iic*\v dyo would 1)(‘ forriHid. 

Ill tho munufartuny iiowiwau-^ ih(^ lunv dyc^ is not ohtalriod 
ill this inauuor, 

A o(Uiiponoiii IS chosori whi(*h alroady (*<>rit.ains an arot.yl 
yrroup within the ainino p^roup. This (‘oinpoueni is j^-nrnino- 
arntanilide, (VH4XH2XII((^2H;|()). 

ft is diaxotizcnl and coupkal with chroinoiroj)!!*. aidd, and 
I he f'hnunotrope liB. results. The eonstiiution of the sodium 
salt, is: 


OH OH 


HaO.iS^ 


--NrHCnHiNHfOoHyO) 


—SO^Ha 

Chromotrope 6B. 
Victoria red 


OH OH 


KaOjiE- 




-SO:iHa 


Victoria violet 4B.S. 
Eeddish violet 


11ie fixatimi of the iieelyl ratlieal in the amino group) has 
e}iaiigc*d the preiloiiiiriiirit shade from violet to recL 

The eoifiiiiereisd form of cdiromoirope (iB. in a grayish browm 
powdeiy whose iiqii«*ous solution is a violet red. It remains 
red with hydroehloric iieidy hiii it is turned yellow by eaustic^ 
Sofia. 

Wool from an aeid taitli in dyed violet reil. The dye 
eifiiiiliKes well, iiml it is iinalTeeted by light and acids. Alkalies 
have little efTeci iipfin it, but it lacks fiisiness to milling. 
Hiilphiir tlocw not change it, nor doen the color (U’ock on 
riibhiiig. 

Chromotrope loB. and Chromotrope 8B. are lioth reddish 

violet clya which differ from each other by the one extra 
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onents of azo dyes are not sulphonated, then 
ye is insoluble and incapable of being directl}^ 
fibre. The}^ can^ however^ be produced upon 
. This method is employed to a considerable 
uce beautiful and fast colors upon piece-goods, 
> printing. Colors thus produced are true 

"5, 

ice colors/^ often used, refers to the necessity 
; bath cooled with ice, so that the diazo coin- 
dye shall not decompose before it is coupled 
constituent. 

lents for an azo dye to be thus developed on 
first, a phenol or amine, and second; a diazo- 
'he pro(‘ess introduced in bStSO chiefly consists 
the fibre with an alkaline solution of a phenol, 
len passing into a cold neutral solution of the 
nit. 

,n '' or ice colors have liecome serious rivals 
e dyes. 

tus phenols available for this process, ^-naphthol 
) exclusively in practice. Of the bases, a com- 
"ge number are employed. These of course 
mino group, which is diazotized with sodium 
cid. A list of bases frequently employed is 


NH2 


A.niUne 

KH2 


3H3 

itoluidine 


N 

/\ 

N 

\/ 

\J 

NH. 


Aminoazobenzene 


r Y 


/l-Naphtliylamine 
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Paranitraniline Red (1889) is an ingrain color, insoluble in 
water, and cannot, of course, be sold as a finished dye and 
ready for application. It conies into commerce in the form 
of its two components, paranitraniline and / 3 -naphthol. 

A mixture of paranitraniline, and the sodium nitrite neces¬ 
sary to diazotize it afterward, is sold as nitraniline N. The 
paranitraniline actually diazotized is also on the market from 
one firm as Azophosphor Red and as Nitrasol from another 
firm. The stability of the compound is maintained by a 
patented use of anhydrous alum as a drier. 

The finished dye as it exists upon the cotton fibre has the 
composition indicated; the color is scarlet. 





NO2 


Paranitraniline red 

Cotton dyed with paranitraniline red yields some of its 
dye to boiling alcohol and boiling lienzene, which become 
colored orange yellow and orange mspectively. 

Nitrosamine Red (1893) eventually appears upon the dyed 
fibre identical in composition with paranitraniline red. It 
has, however, a different history during the development of 
the dye from paranitraniline. This was put upon the market 
by the Badische Anilin und Sodafabrik, which makes use of 
the property of diazo compounds to go into a stable nitro- 
samine condition, if treated with an alkali. 

The nitrosamine red sold by this firm is a paste which con¬ 
sists of the sodium salt of paranitrophenyl nitrosamine: 



HO2 

SodSuin paranitrophenyl nitrosamine 
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which is the result of caustic soda acting upon paranitro- 
diazobenzene chloride as follows: 


NO2C6H4—N:NC 1 + 2 NaOH = 

p-Nitrodiazobenzene 

chloride 



NO2O6H4N—NO + NaCl + H2O 

Sodium-p-nitrophenyl- 

nitrosamine 


When this product is treated with an acid it is changed 
back into the diazo form and exhibits the capacity of fur¬ 
nishing dyes by combining with phenols. If / 9 -naphthol is 
employed, then the product is the same as paranitraniline 
red described above. 


Tetrazo Dyes 

In the azo dyes thus far considered the azo group, —N: N—, 
has occurred but once in the molecule of the dye. The number 
of compounds which are possible is very great, on account of 
the various different substances which contain the amino 
group, and therefore can form diazo compounds. This 
number is further increased because of the large number of 
substances which may be used as second component with 
the diazo derivative of each initial amine chosen. 

The tetrazo dyes contain two of the azo groups, —N:N—, 
in a molecule. The process of double diazotization does not 
involve any new principle. It requires that the second com¬ 
ponent of an azo dye shall contain an amino group which 
may in turn be diazotized. 

Aminoazobenzene is a type of a diazo compound which is 
capable at once of a second diazotizing by sodium nitrite 
and an acid. 

06H5N:N06H4NH2 

Aminoazobenzene 

By diazotizing this and combining it with phenol, for 
example, there results: 
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OsHsN: NC6H4N: NCeH40H 

Benzene azobenzene azophenol 
or tetrazobenzene phenol 


N=N OH 

/\ /\ /\ 


N==========N 


Tetrazobenzene phenol 


# 


By employing /?-naphthol as the last component we have a 
tetrazobenzenenaphthol, whose formula is: 


C6H5N:NCgH4N:NCioHgOH 

Tetrazob enzene-/ 3 -naphthol 


A 

A 


AA 

\/ 

\/ 

N= 

HO 



Tetrazobenzene-yJ-naphthol 


Tetrazobenzene-/5-naphthol 

This latter substance is a most frequently occurring com¬ 
plex or skeleton in many dyes. As it stands, it forms a brick 
red powder, or brown plates with a greenish lustre. Alkalies 
do not dissolve it; alcohol dissolves it with difficulty; glacial 
acetic acid dissolves it more freely. 

The sulpho groups which are necessary to the solubility 
of these dyes in water may occur in various positions in the 
molecule, sometimes in one benzene ring, sometimes in thc^ 
other, or in both simultaneously, and the same is true of 
the naphthalene radical and the benzene rings; the sulpho 
group may occur in one or more, and in a great variety of 
positions. 

The position of the sulpho group is not without influence 
upon the resulting compound when it is treated with con¬ 
centrated sulphuric acid. 
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Aminosalicylic acid azo a-naphithylamine + a:-naphthol 
sulpho acid N. W. 

The sodium salt of the dye, which occurs in commerce .as a 
brownish black powder, has the following structure: 


OH 

1 



Diamond black F. 

A violet precipitate falls from the aqueous solution of this 
dye on adding hydrochloric acid. The color merely changes 
to blue, if caustic soda is added. 

Wool mordanted with chromium salts is dyed a bluish black. 

Diamond Green (1890) is an acid azo dye which is used’ 
i-o dye chromium-mordanted wool a dark bluish green. It 
differs in composition from diamond black F., just described, 
by the addition of one oxygen atom, which forms an additional 
hydroxyl group in position 8 of the second naphthalene 
nucleus, as shown in the structural formula below. 

The manufacture of the dye requires the three substances 
aminosalicylic acid, n-naphthylamine, and 1.8-dioxynaph- 
thalene- 4 -sulpho acid to be diazotized and coupled in the 
order named. The sodium salt of the product is the com¬ 
mercial dye of the following constitution: 

OH 

1 



Diamond green 
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there may be noticed one of the three following complexes 
or compound nuclei: 

CioH7N;NOioHoN:NOioH7, 

or 

CeHsNiNOioHsNiNOioHr, 

or 

CeHsNiNCioHeNiNCeHs. 

In the order of their diazotizing, the three substances in 
each complex form the components^ and in each complex the 
same nucleus appears, because n-naphthylamine is in each 
case employed as the second component. 

Thus in each appears this group: 



N:N— 

Central group of black tetrazo dyes 

Aniline and naphthylamine sulpho acids form most fre¬ 
quently the first components, and the different naphthol 
sulpho acids serve as third components. 

The process of manufacture for all consists in diazotizing the 
first component, combining this diazo product with the second 
component to form an amino azo compound, diazotizing again 
and coupling the third component. 

Naphthol Black B. (1885), Brilliant Black B. was the first 
of these black dyes to win technical importance. The initial 
component is /?-naphthylamine disulpho acid G. of the follow¬ 
ing constitution; the other two components are placed along¬ 
side for comparison: 

SO3H NH2 



^-Naphthylamine a-Naphthylamine i9-Naphthol disulpho 

disulpho acid G. acid R. 

First component Second component Third component 
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NaOsS- 




N:1T<^ N: 


=N 


/\./\ 


vy 

NH2 


SO3 Na 

Naphthylamine black D. 


The dyestuff is a black powder which in water gives a 
violet black solution. Addition of hydrochloric acid causes a 
l^lack precipitate and caustic soda produces a precipitate of 
the same color, which is soluble in pure water. It forms a 
bluish black solution in strong sulphuric acid which turns 
green as water is added and then a black precipitate sepa¬ 
rates. 

Wool and silk are dyed black from an acid bath or from 
a neutral bath by the aid of salt. It is moderately fast and 
it is suitable for dyeing mixed wool and cotton goods. 

JNfaphthylamine Black 4B. is a dyestuff prized for the 
beautiful logwood shade of its dyeings. It is not a single 
pure dye, but a mixture of naphthylamine black D. and 
naphthol blue black, which will be described later. . 

Jet Black R. (1888) is a tetrazo dye suitable for a beautiful 
blue black on wool and also adapted for dyeing silk a dark 
blue or black, according to the amount of dyestuff employed. 

The dye is prepared from aniline 2 - 4 -disulpho acid, which 
is diazotized and combined with <%-naphthylamine, diazotized 
again, and coupled with phenyl a-naphthylamine. 

The sodium salt is: 


N: 


/\ 


S O^lSf a 




N— 

/\/\ 


NHCoHg 


I 

SOjNa 


Jet black R. 
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It is a black powder whose aqueous solution is colored 
violet. A bluish black precipitate falls on the addition of 
hydrochloric acid. A soluble violet precipitate falls on the 
addition of caustic soda. 

The dye imparts a bluish black color to wool from a bath 
containing acetic acid or from a neutral bath with the addi¬ 
tion of common salt. Silk is dyed from a bath acidulated 
with acetic acid or from a boiled-off bath containing acetic 
acid. 

The color is not sensitive to acids and alkalies and it is 
moderately fast to light and milling. 


Substantive Cotton Dyes 

Cotton is the cheapest and most abundant fibre which is 
employed on an enormous scale for spinning and weaving. 
Yet, while it is so much less costly than silk or wool, it has 
been the most difficult and expensive fibre to dye in a satis¬ 
factory manner. The slight affinity of the cotton fil^re for 
the various dyes does not allow of a fixation of (*.()lor which 
will resist washing. 

To enable cotton to become permanently dyed, the fibre 
had first to be impregnated with an acid or basic mordant, 
which was capable of a double affinity one for the fibre and 
one for the subsequently applied dye. This extra manipula¬ 
tion and the limiting of the kinds of dyes that could be 
employed greatly increased the relative and' absolute cost of 
successfully coloring cotton fabrics. 

But three of the natural dyestuffs were exceptional in their 
ability to color cotton without a mordant, and these were 
curcuma, safflower, and Orleans. 

In the year 1884 the history of cotton dyeing shows an 
epoch-making change. A discovery in the field of the azo 
dyes by BOttiger was responsible for this. He discovered 
Congo red, a dye capable of imparting, an intense red to 
cotton which had not been previously prepared by mordants. 
Congo red was the first of a long series of dyes which could 
dispense with fixing agents upon cotton. 
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These new dyes were derived from benzidine, 
H2NCGH4—C6H4NH2, ]3ut this substance soon found rival 
substances which could replace benzidine in the manufacture 
of similar dyes, and because of this the term substantive 
cotton dyes was applied to them. 

As some of these colors are even more suitable for wool 
than for cotton, the term was inappropriate; then, because 
in the application of these dyes neutral or alkaline salts were 
employed in the dye-vats, they were more ap]:)ropriately 
called salt dyestuffs.^^ 

Considering the vast amount of cotton manufactured in 
comparison with wool and silk and that these dyes so simplify 
the methods of application, it can be easily understood that 
the greatest i*ewards of the dye industry are attained in 
this field. 


Benzidink 

Benzidine, which is the starting point of a large number 
of these dyes, is prepared from nitrobenzene by redindng it 
in alkaline solution; the nascent hydrogen being evolved 
from zinc dust and caustic soda and the mass (‘ontained in an 
iron vessel being rapidly agitated. 

A steam distillation removes the aniline that is formed, 
and subsequent treatment with cold dilute hydrochloric acid 
removes the zinc hydrate. The hydrazo benzene whi(th is 
left insoluble from the above treatment is converted into the 
iosrneric benzidine by boiling with hydrochloric acid, when 
the following molecular rearrangement takes place. 

CgHsNH—NHC gHs + HCl = H2NO6H4—O6H4NH2 + HOI 

Hydrazo benzene Benzidine 

The solution after filtration is treated with sulphuric acid 
or sodium sulphate, which precipitates the benzidine as in¬ 
soluble sulphate. The free base benzidine is obtained by 
decomposing the sulphate with caustic soda and distilling. 

Congo red employs the diamino compound: benzidine, 
which allows a double diazotization, and a subsequent coupling 
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of two molecules of naplithionic acid to the tetrazo diphenyl 
chloride produced from the l)enzidine. 

The constitutional formula of benzidine is as follows: 

C0H4NH2 

I 

CCH4NH2 

Benzidine or Benzidine 






Congo red requires the diazotizing of Ijoth the amino 
groups of benzidine with the production of tetrazodiphenyl 
chloride. 


CeH4N:NCl 


NH2 

I 


C6H4N:NC1 


Diazotized benzidine 
or tetrazo diphenyl chloride 


\/ 


SO3H 


Naphthionic acid 


The two molecules of the second component, naphthionic 
acid, do not unite with the tetrazo compound with equal 
rapidity. While the union of one molecule is carried out 
quickly, the second molecule requires a considerable time to 
elapse before the operation is completed. 

With Congo red, this second operation lasts from one to 
two days: with benzopurpurine, five to six days are required 
for completion. 

The operation may be hastened by employing a large excess 
of the second component. 

The commercial dyestuff is the sodium salt of the following 
complex body: 


C6H4—N:N—O10H5 


C6H4—N:N—O10H5 


< 

< 


NH2 

SOgNa 

SOgNa 

NH2 


0*' 
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C6H4NH2 

C6H4NH2 

Benzidine 


yOBa 

CsHgNH, 

I 

C6H3NH2 

o~Tolidine 


7 —'fcolidine is diazotized and the second components are 
lo are for Congo red, viz., naphthionic acid or 1 -amino- 
jblc3iie~4-sulpho acid and they are coupled to produce 
The sodium salt is shown below: 

:nh 2 

I 1 

0H3 0H3 

SOsNa 

Benzopurpurin 4B. 



NHo 


-N:N —I 


S 03 Na 


influence of these two methyl groups is to produce in 
JL [yellower and more lively shade of red and to render 
I* less delicately sensitive to acids. 
xriH a brown powder^which communicates a brownish 
X' to its aqueous solution. A blue precipitate falls on 
Iny^drochloric acid. Dilute acetic acid causes a brown 
n*be, while no change is hiade by caustic soda. The 
Liition in concentrated sulphuric acid yields a blue 
xte when water is added, 
m in dyed red from a soap bath. 

> Corinth G. (1886) is a tetrazo dye, and a near relative 
;o red. It dyes cotton a brownish violet and this 
of color from the Congo dye may be attributed to 
Lxc-.exnent of an amino group by a hydroxyl group, 
rrifial substance is benzidine: this, after being diazo- 
. Cioupled with one molecule of naphthionic acid and 
eteiile of 1 -naphthol-4-sulpho acid. Thus, the hydroxyl 
d into the dye molecule by the latter substance. 
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with two molecules of ^-aminonaphtholsul|)Jib >|tc]d, whose 

composition is. ' '-^^-SsALOg^ 

I ■ ... 

/\/\—NH. 


NaOsS 




i(3-Aminonaphthol- 
sulpho acid y. 


The sodium salt of the finished dyestuff has the following 
constitution: 




OH N 


N OH 


NaOoS 


■ 2 . 


HoNi 






S 03 Na 


Diamine violet N. 
Finished in acid solution 


The commercial dye is a dark brown powder which is solu¬ 
ble in water with a reddish violet color. Hydrochloiic acid 
causes a violet precipitate inclining to black. The solution 
is unchanged by caustic soda. 

The violet color imparted to unmordanted cotton is fast 
to light, acids and washing. 

Wool or silk in a neutral or weakly alkaline bath are- 
colored a violet which is not fugitive to light and is fast to 
washing and milling and resists the action of acids and 
alkalies. 

The dye is also employed upon mixed wool and silk fabrics. 

Diamine Black R. 0. is made from the same constituents as 
diamine violet N. described above, but the final operation 
is here carried out in an alkaline solution where that dyestuff 
required an acid one. 

Diazotized benzidine is coupled with /J-aminonaphthol- 
sulpho acid, in an acid solution. This difference in con¬ 
dition causes the diazo compound to attach itself to the 
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second components at different points, as the completed 
molecule of the dye will show. 


?<II>— 


N 


N 


OH 




KaOoS 


OH 




SO^HSi 


Diamine black RO. 
Finished in alkaline solution 


By comparing this formula with that of diamine violet N., 
it will be noticed that the alkaline solution has caused the 
dia 230 benzidine to attach itself to two beta positions instead 
of two alpha positions, or to position 7 in place of position 1, 
as in the former dye. 

Thus, though this dye is an isomer of the former, it dyes 
grayish violet upon unmordanted cotton, or when diazotized 
upon the fibre itself, and then combined with /?-naphthol and 
resorcin develops a black. 

The commercial dye is a black powder which colors its 
aqueous solution a violet black. A blue precipitate is caused 
by hydrochloric acid. A violet coloration results on adding 
caustic soda. 

The colors upon cotton are fast to light and washing and 
they resist the action of acids and alkalies. 

Diamine Fast Red F. ( 1889 ) is a benzidine dye which 
exhibits the result of changing one of the second com¬ 
ponents with which diazotized benzidine is coupled in acid 
solution. 

When the benzidine is diazotized and ready for coupling, 
it is allowed to satisfy one diazo group with /?-aminonaphthol- 
sulpho acid, y, and the other diazo group is coupled with 
salicylic acid. 

The structure of the finished dye exhibits the difference in 
the second components, which changes a diamine violet into 
a red dye. 
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The dye is a brownish red powder soluble in water with a 
red color. Hydrochloric acid throws down a red precipitate, 
caustic soda produces a soluble red precipitate. A reddish 
blue solution in strong sulphuric acid gives a brown precipi¬ 
tate as water is added. 

Cotton is dyed red in a boiling bath containing a large 
amount of sodium sulphate and strongly alkaline with caustic 
soda. Chromium-mordanted wool is also dyed red. It also 
imparts a very fast color to silk in an acetic acid bath. 

Diamine Brown M. (1889) is an illustration among the benzi¬ 
dine dyes of the effect of an alkaline solution in place of an acid 
one when the diazotized benzidine is joined to the same com¬ 
ponents that were used in producing diamine fast red F. above. 

The effect of coupling the diazotized benzidine in alkaline 
solution is to change the place where it shall attach itself 
in the molecule of ^-aminonaphtholsulpho acid. In this in¬ 
stance it becomes attached in a beta position, while in the 
acid solution it chooses an alpha position. The other com¬ 
ponent salicylfc acid does not change its behavior. 

The completed molecule shows this brown dye to be an 
isomer of the above red one, and the following formula shows 
the difference in structure. 


-N 

N— 


OH 


NaOoO- 


OH 

Diamine brown M. 


Na 03 S 


Vx/ 


Finished in alkaline solution 
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It appears in commerce as a brown powder which is solu¬ 
ble in water with a reddish brown color. Hydrochloric acid 
throws down a brown precipitate and caustic soda causes a 
soluble reddish brown precipitate to fall. It forms a violet 
solution in strong sulphuric acid, and on diluting it with 
water the color changes to brown and a brown precipitate 
falls. 

Cotton is dyed brown in an alkaline bath to which sodium 
sulphate has been added. After-treatment with copper 
sulphate renders the dye faster to light. The color is moder¬ 
ately fast to light and washing, and it is likewise fast to 
acids and alkalies. 

Chrysamine G.. is a dyestuff so sensitive to the action of 
copper that its solutions should not be allowed to come in 
contact with vessels of that metal, otherwise the color will 
be dulled. 

It is a benzidine dye. When benzidine is diazotized it is 
joined to two molecules of salicylic acid. 


OH 

Salicylic acid 

The change from the two molecules of naphthionic acid 
which are joined to diazotized benzidine in Congo red to 
the two molecules of salicylic acid is responsible for the 
lightening of the color from red to yellow. 

The sodium salt is the commercial dye and its structure is: 




Clirysamme G. 
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xiflilft* Wild nin* of ^ho O* an I a % « Hfaj , fl J I, !i|i|/lad 

K-sill|>lio aijd, huf l|if”otfiia i lii aio 

2-llii|ildlioI ylfdifi a*i*! 1 t ^ 

tiff* hiitfi alilo' aiai Cir fl'O' j % w*dr^ ili |4a» 'A n'd 

Till'* t*Olll|iailOJii of !||«* Indawaiy diiirijLi i|i fha* Hi f of^a i 

rilliili mdil 4iif*v thi* diliofoian di ino .h*; 
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Congo violet 

Congo violet appears in commerce as a brown powder which 
gives a red aqueous solution. Addition of hydrochloric acid 
to this solution throws down a violet precipitate. Caustic 
soda only turns it yellower. 

Cotton from a salt bath is dyed violet, while wool is dyed 
red from an acid bath. 

Heliotrope 2B. (1892) is a benzidine derivative which is 
manufactured by coupling diazotized benzidine with2-naphthol- 
S-sulpho acid for one component and then with l-naphthoM- 
8 -disulpho acid. The first of these components is the same 
as that for both Congo rubin and Congo violet, but the change 
in the second component develops the heliotrope violet color 
of the dye. From the following formula, it will be seen that on 
comparison with Congo violet one hydroxyl group has changed 
position with the point of fixation of the diazo benzidine: 
a second sulpho acid group has also entered at position 4. 


HaOqS 




OH SO^Na 


The dyestuff is a dark gray powder whose aqueous solution 
is reddish violet. A bluish violet precipitate is caused by 
hydrochloric acid, while caustic soda causes only a reddening 
of the solution. 

Cotton is dyed heliotrope without the aid of a mordant. 
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Diamixo Htilbkxk Disfi.riin 

A ruinihcB'of anufion wliit'li Iibh 

H|)okc*ii of most fn^qucailly in tlio proroiliiiit 
as stmiiniz points f<H‘ tlso iiiiiiiufmiiiro of l!ti* li}!*?*. 

01h‘ primo rcapusito is tin* prf*si*iH'o of uvo aiitino ^!ioiips 
whic-h ofTc‘r thomscslvos !f> it lioiiblf ♦Iia/4»ti/aiion. niit! liiiiiiy 
su!)Htafif*(*s pciHsossin^ anionic tliiir \‘jirioii.- si*lo tn'oiipH t!i** 
two amino ^q’tmps itro roadily availaOlo for ini!ini Milistiifii'os 
of l!n‘ more* complox totrii/.cj dyos. 

l)iamiiH» slilhcnH* disiilplioiiii’ ariil ih jiii i*\uiiiplo of ^indt ii 
C'hiSH of Hubs! ulif’OH. lli«‘ f*o|iipo>if iofi i-? rhowii bfdow: 

HmN/ NoHrOH/ . 


HO.,S SO:,H 

sfillifiir St t4 


Ii in its ooiifigiinitioii boiixidSiitq iitf!rf*«l if a 

inoloriilo of boii/Jdiiio is iiiyi^iiiO*i lo l#i* nil in Iniif ;iii4 t!it* 
iwti nirbofi jiiid liyilr*nq*it tliriisl botimii tin* 

rings, ii iiiolortik* of stilboii** lio fiiriiiisL 

111 preparing this siilisfitio'i* is Imilni ii’ifli 

fiiinitig Htilpliiirir iiriif siiid ii snljifni grirtip is infriMlnrf^il, 
fortiiiiig /i-itilrololimto siilplio llii^ jirfidiifS tm iniliny 

with nnisfii* potiisli yi*dd« ii/si\ysiilbt*iir i|i^^ii!|ilifi ai'id. Xiiir 
cliiHf i.H I lion ipidod to ilii* itlkii!iii«* snliilitfii MOtliiig fiTi* iihm 
linit tiy«lro|nin ivliirli miiioPM it iiiiil tlriailnri^ws if, foritiiiin 
iliniimiio slilbow* ilisiilplifi iw'ifl. 

lli<* I riiiisforiiiiitifiiis wliiidi fiiko iiii* iiplioftini fii*l*f%v 

mi iiH tfi sliiiw tiii* fTliitivi* |M#»4fifiii’t of tin* snlistiliitifig groiiiis 
iit llio |iiirliiil iiiiti fiiiiil |iriwiti*i-s: 

Oa. CIH 4 



» 0 , 


10 . 
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3»^phf$mk mM 

iO,iH 


S0;|H 


II » 

0 H<^ \ir/ 

S0:iH 


AiwififiJbffft# 

4teitpii« acid 






iH mim> milh^m 
dkttlplio mH 


i 04 » 

HctSMin Bordeaux (1886) Ih n iplrimt ilyo which mjiurcrt 
•lijKiihwi HiiUtMjf 4i«j||»h«» acjil aw hn Hlnrlitif' ixanl. 'I’hiH 
MilmlnuM. isfUT •liawili/.io}' i« ciHudnl witli (wo !u(th‘ctth'« of 
o ii«|ihlhy!iii»iii**, Thin »lyc, in i-onipuriwoi witfi {ii<> lluHwan 
jMiqihf X, Kh»w« fhi» iif u chimKo in jjiwitinn of »hn iuiiino 
Bronjw njrtin tin* color of the* dye, Tht* cotri|>OHlfion and 
rfriirnir«« of the «iditi»i wli of the coniploh.'ii dytwtulT in 
nhiiwn Im'Ihw: 




Th« rcinrinorcial dyiwtnff i*« a jtrw'iti'^h Khiiiing jwiwdnr which 
iiii|»»rla a d««{» nsl color to iN ii<)iit>cma a<»hitlcm, 

A hhw prwijiitttH* fiilla «» ndiliiion of hydrocldtjrif^ acid, 
white mh ammm a ksI precifiitute. 
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XJnmordanted cotton is colored Bordeaux red. It may be 
diazotized upon the fibre itself. 

Hessian Ptirple N. (1886) resembles the last dye Hessian 
Bordeaux described, indeed it is an isomer of it. The same 
compound diamino stilbene disulpho acid is used as the start¬ 
ing point. When it has been diazotized, it is coupled with 
two molecules of ^-naphthylamine. The result is a molecule 
of the dye in which the amino groups are in the neighboring 
carbon atoms to those which are joined to the two azo groups. 
The formula of the sodium salt, which is the dye, is the 
following: SOgNa SOgNa 



Hessian purple N. 


By referring to the formula of Hessian Bordeaux, the amino 
groups will be found attached to those carbon atoms which 
are opposite to those which engage the diazo groups. This 
change in position changes the color of the dye from Bordeaux 
red to purple. 

Hessian Purple H. is a bmwnish red powder. Its aqueous 
solution is cherry red. A bluish black precipitate falls on 
adding hydrochloric acid. Caustic soda gives a red pre¬ 
cipitate which readily dissolves in a large amount of water. 

Cotton is dyed a bluish red from a soap bath. The color 
is not fast to light and it is sensitive to acids. It is less 
fugitive upon wool than upon cotton, and it is moderately 
fast to milling. 

Hessian Violet (1886) may be regarded a relative of Hessian 
Bordeaux, for if one amino group be removed and a hydroxyl 
group be substituted in the same naphthalene nucleus, though 
in a different position, a red dye becomes violet. 

Diazotized diamino stilbene disulpho acid is united with one 
molecule of <r-naphthylamine and one molecule of /3-naphthol 
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with the result shown below in the formula of the sodium salt 
of the dyestuff, which is the commercial product: 

S 03 Na S 03 Na 



Hessian violet 


The commercial dye is a black powder. It dissolves in 
water with a reddish violet color. Hydrochloric acid throws 
down a blue precipitate. A bluish violet color results on 
adding caustic soda. 

Cotton is dyed violet without a mordant from a soap bath. 
The color is fugitive to light and rather sensitive to acids. 

Brilliant Yellow (1886) appears as an orange red powder 
which gives a reddish yellow solution in water. 

It is a tetrazo dye which requires the same initial sub¬ 
stance as the three preceding dyes, but the secondary com¬ 
ponents of less molecular weight. 

Diazotized diamino stilbene disulpho acid is joined to two 
molecules of carbolic acid or phenol. The point of attach¬ 
ment of the azo groups is that opposite to the hydroxyl of 
the phenol in each instance. 

The structure is shown as follows: 


SOgNa SOgKa 



OH 


OH 


BrHUant yellow 
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A violet pr(*eipiiate is tlirown down from its afine(>os solu¬ 
tion upon adding hydrochloric acdd. A yellowish red color¬ 
ation reBults when canstic soda is added. 

(lotton in <lycMl yc^llow from an acid hath. It is very fast 
to light, though Hensitivti to alkalis. Dilute acids do not 
affect it. 

The color is nahlencsl by alkalis. It is more for 

coloring paper than cotton. 

Kkfrkhkxtativk Azo Dykh 

Tlie following tatdes contain rcprcHciilaiivf^ azo dyt*s which 
are c*laHHific.;d ac’cording to the iiiiinher of nzo groups 
in them and according to the methods of foriiiiitioii which 
are explained in the preceding pages. 

Name. ('omfoxkxw t*i»rf*i,r,a iif Diazotizimii. 

Spirit Yellow R. 

o-Tf»!iiifline + loToliiidiiiC 

a,iH4—M=H( % 0 H:i 3:4 

Colors flits, oils, wax«*s iiriil iiiccjiiers. 

Atlas Red« 

Pritmiliiii! + i/i-Ttilnyloae Dianiitii 

OeHs/ \o> 0«H3.» i:3:« 

Dytw unuior(iant<*»l c(»ttori in nti itikalitie Imth terra 
cotta red. 

Sudan G. 

Aniliia* + lte«>reir» 
ORHsK-^»(e)0„Ha(OH>2 i:3 
Baed in coloring fain and oia 
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Nams. Components Coupled by Diazotizing 

Sudan I. 

Aniline + /9-Naplithol 

C 6 H 5 N=N( 1 )CioH 60 H 2 

Colors spirit varnishes and oils orange yellow. 

Orange G. 

Aniline + /?-Naphthol ;'-Disulpho Acid 

C6H5N=N( l)GioH4(OH)(S03Na)2 2:6:8 

Employed in wool dyeing for mixed shades. 

Alizarine Yellow G.G. 

m-Nitraniline + Salicylic Acid 

(N02)06H4N=N(1)C6H3(C02H)(OH) 3:4 

Dyes wool mordanted with chromium salts yellow. 

Alizarine Yellow R. 

p-Nitraniline + Salicylic Apid 

(N02)C6H4N=N(1)06H3(C02H)(OH) 3:4 

Dyes wool mordanted with chromium salts yellowish 
brown. 

Victoria Violet 4B.S. 

Reduction product of Chromotrope 2B. in Alkaline 
Solution 

H2NC6H4N=N(2)OioH3(OH)2i:8{S03Na)23:6 

Wool is dyed a bluish violet in an acid bath. The dye 
equalizes well and is fast to washing and rubbing. 

Cochineal Scarlet 2R. 

Toluidine + a-Naphthol Sulpho Acid C. 

CH 3 C 6 H 4 N=N( 2 )CioH 5 (OH)S 03 Na 1:6 

Dyes wool in an acid bath red. 

Orange G.T. 

Toluidine + /?-Naphthol Sulpho Acid S. 

CH 3 C 6 H 4 N=N(l)OioH 5 (OH)(S 03 Na) 2:6 
Wool is dyed orange yellow from an acid bath. 
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Name. Components Coupled by Biazotizing 

Azofuchsine B. 

Toluidine + Dioxynaphthalene Sulpho Acid S. 

Ct[306H4N=N(2)CioH4(OH)2S03Na 1:8:4 

Wool is dyed a rosaniline red from an acid bath. 

Sudan 11 . 

Xylidine -f- /?-Naphthol 

(OH3)2C6H3N=N(1)CioH80H 2 

Employed for coloring fats, oils and spirit varnishes a 
yellowish red. 

Azococcine 2R. 

Xylidine + «-Naphthol Sulpho Acid N.W. 
(CH3)206H3N=N(2)CioH5(OH)(S03Na) i:4 

Wool is dyed red in an acid bath. Used largely for 
dyeing silk. Fast to light and not sensitive to acids and 
alkalis. It is sensitive to action of metals. 

Wool Scarlet R. 

Xylidine + n-Naphthol Disulpho Acid Sch. 
(CH3)2CGH3N=N(2)CioH4(OH)(S03lTa)2 i:4:8 

Wool is dyed a fiery red which resists milling and the 
action of light. 

Brilliant Orange R. 

Xylidine + ^-Naphthol Sulpho Acid S. 

(CH3)206H3N=N(l)CioH5(OH)(S03Na) 2:6 

Dyes wool yellowish red from an acid bath. It is also 
used for dyeing silk. 

Ponceau 2R. 

Xylidine + /?-Naphthol Disulpho Acid R. 

(CH2)2C6H3N=N(l)CioH4(OH)(S03Na)2 2:3:6 

Wool is dyed red from an acid bath and it is used for 
coloring lacquers. 










rilK AZci DYKH 


XwtK. r.H c‘ui III Iii\/.rri7.r\<j 

Ponceau 3 R. 

y riiiiiifiiiH* + ■Xiipiiihul Ar|-cl it. 

10H;iI;10,.H..fN N| 110II,Ht{OHH S0:iNa);* 2:3:0 

Dyi's wofil rvil frofii ati jificl hiith aial in umi*<1 Ui rolor 

Sudan Brown. 

ri ■’•■Xafilit livljf iiiiiio + fr»X.'i|ilil ltt)l 
N|4|C|„Hn<OH) I 
Mfiiployf**! ti» riilfir fat:s uil.4 and 3|Hrif. 

Fast Red B.T. 

#1 "Xjiplilii)'iaiiitii<* + ^f'Xa|i!ifbill Sulfdiii li'id S. 

Wiifil i-;'*! in uu arid hatb. 

AKJCOchineaL 

+ # 1 -Xiifilit liifl ni>otI|iliu Ai’i«! Hrli. 

0H4OC,,HjK::-xM|2|OitpH|^ i:4:S 

Wof#! in i}yf*f| ri‘ii in iifi ncdfi lijitii wliirli in fiini ki lights 
urhhi liitfl alknliMy fjiit Imin mYiHlmil to 

Diamond Flavine G. 

14*1 + Halioylir Afid 

I'liini iM»iliiig wliii'li tltf mHmmi diii/ni griitiji liy CHf) 

II 

»—CnHirOOjHl.iOHl 3:4 

Wofil wiili t’liroiiiiniii Hultn iniiyin! yoltmf. 

Erika B. 

I )i4i y I! mt 1 1 io- w# • X y Ii« Ii 1 1p 4* o - X1 1 1ilif 11< il -r-1 Fi!*it 1 1 j il«> Ac* 11 1 

i:3Si 

Oiitijii in lijofi rmn riftl wiftioiil it iiioriliitiL 
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Vi}Mr\ll 


N 

Chrysoine. 


IS r^i I’i.f I* ill I 






1:3 

Employcil fur mixi-c} .-haili'N lil'xti vwf ti an.i -ilk. 

Orange 11. ... » , , . 

Afiil + / ii'<i 

/SO,Ka 

'■'■N 2 

Wool uiai f<ilk in mi lialli arc 


Naphthylamine Brown. 

\!t|iht!iiitiiii‘ V«'i'i + f* Va|»Ji*!pil 

NaO.,SC,„H,,H HH(C..,H.,OK 1 

Dvoa wool in .•ti) haAii a Itiiisuii !i 
Im'OOUii'm fii.*'! if* vvai iiili;'. itkali .' aii-l nrj.i }.■. m i-*!! 


upoii till* fibre witfi ehritiitie neif!. 


Azorubin. 

Xiiphtiiioiiie Aeifl + *• Nii|i}iili«*! **‘nl|*bf» X \S , 

Wool in Hti sii'iff if* 'ly**! r'4 ubifli uf-i *- tlie 

jKftion <»f lieidrt anf! idkiilw. 

Fast R^. 

Nuphiliifitiie Aeiii + Suljiho Ari«l H. 

HaO.tSOipHnH- ■ Hll> 0 |„H;,lOH|iaO;ill») a:6 

Wmtl in iin aei*! imlh ix ri-fl. 

Fast Red D. 

N.'iithtliionie Veifl *1* ,V Xj»j»h!li'*l llifulplet |{. 

Wi«»l nrni **ilk in »»» hwili ore ilv***! a I4»ii«}» rejl. 
Thfi <iye (<fj)jsi!i/,ef» well jiJifl iHfa.*;!, to io'jfi * sin«i »!ki4i‘* Wid 
tmxlerati'ly fa«l U* ligiit. 
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!• v'i<' ll! i’i,hi> m I )i \/(i'rizi\i: 

New Coccine. 

liioiiir \rid + 1 Xnplitlio! Disiilphu Arici CL 

.OHH SO:|Na^ 2:S:8 

I)yiA^ wiiiil aii#l .Hfik ft ^’rarh’i whirh rrHiHfH lighi and 
y fji^l to iH'ifiM ;tiiil iilkaliH, 

m Ponceau 6R. 

X;i|iliiliiftiiif Aril! + .i XjifililItol'rriisulpho Ai’i<! 

MaO »< I OH|| SO:|Na|:; 213:6:8 

W’ltoi iii nil iirii! fulfil dyfd h hliii.'^ti rrd thnt is 
tf» liiiiit. 

Double Brillkat Scarlet G. 

.\*;i|i!itlivLiiftiiii* Stil|i!iii \riil Hr + /C-Xiiplil hoi 

ll»O,3|Sf0i„Hr.|2|M- Ml l|Ot*iHiilOH| 2 

ivotil ;i n^il: it. in hini In wiinhiiig ujioii 

Crumpitll Yellow. 

Ili*^iit|4icf Aci*d CL + Hiilirylir Arid 
6:8 f Na0;iS 2 |N-AMf OHH OO^jH > 3:4 

WfMil ilifitii* iiiid fiioniititlod iviili l•llrolll^l!lll k 
liyrd yidloii\ 

Cotton Yellow 1. 

PrifiiiiHfio + Hiilirylii: Aid 

»f6>CrtH:,(OHHOO.jH) S:4 

Uyt^n rut,If III ivitliciiit ii iiiorfliiiit ill ii liitt.li cciftliiiriiug 
wdt, til iarfil afifl tlii* itclioii of liidiln aiitl 
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Name. Components Coupled by Diazotizing 

Diamond Yellow R. 

o-Aminobenzoic Acid + Salicylic Acid 

HO2CC6H4N—N(1)C6H3(0H)(C02H) 4:3 

V7ool mordanted with chromium salts is dyed a reddish 
yellow which is fast to light and milling. 

Diamond Yellow G. 

w-Aminobenzoic Acid + Salicylic Acid 

H02CC(5H4N=N(1)CgH3(C02H)(0H) 3:4 

Dyes wool mordanted with chrorhiuni salts a greener 
shade of yellow than diamond yellow R. 

Indoine Blue R. 

Safranino + /9-Naphthol 

S—N=N(1)CioHgOH 2 

Cotton mordanted or unmordanted is dyed a very fast 
shade of indigo blue. 

Rosophenine S.G. 

Primuline + a-Naphthol Sulpho Acid N.W. 

P—N=:N(2)CioH5(OH)(S03Na) i:4 

Cotton is dyed without a mordant from pale rose shades 
to deep carmine red. 


Disazo Dyes: Pkimaby 

This class of dyes includes those whose molecules contain two 
azo groups (—N=N—). The dyes are formed in two steps. 
A substance containing an amino group is diazotized and 
coupled with a molecule of an amine or a phenol. Then upon 
this product a second molecule of a diazotized substance is 
allowed to act. Of course it will attach itself to another 
carbon atom than that with which the first diazotized sub¬ 
stance united. 
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For example, sulphanilic acid is diazotizcd and coupled 
with resorcin, forming resorcin yellow, as shown below: 


vSOoNa 


C6H4 


OH 



JOH 

Resorcin yellow (monazo dye) 

If m-xylidine be diazotizcd and allowed to act upon the 
monazo dye resorcin yellow, it will unite with it, forming a 
disazo dye resorcin brown, which appears when completed as 
follows: 


N= 




OH 

=n/\n= 


=Ni 


CH3 


OH 


X/ 

Resorcin brown (disazo dye) 


V 


CH.> 


The following list is made up of dyes formed in a similar 
manner: 

Leather Brown. 

p-Ainino acetanilide 

\m-Phcnylenc diamine 
p-Aniino aeetanilid'^ 

Dyes leather and uninordanted jute brown. 

Terra Cotta F. 

Primuline-. 

\m-Phenylene diamine 

Naphthionic acicr 

Cotton is dyed without a mordant in weakly alkaline 
bath containing Glauber's salt a fast brown. 

Fast Brown. 

Naphthionic acuL 

\Resorcin 
Naphthionic acid^ 

Wool in an acid bath is dyed brown which is fast to acids 
and alkalis. 



Vihllr^TXU IIVHH 


2 IS 

Fast Brown G. 

yii - \;i|ilil Ilf i! 

Wrfo! in nil iifi*! Iiafli h iirowii. 

Palatine Black, 

Stilphniiilif’ a*'i*l rtniftii'*! 

ill iP'iil Hciliif if»ii y/^ ‘Inil-1- 

fi“Xii|»litliyiniiiiiii* riHi|iif*4 -nlfiin# 
in nlkntiiif* 

Wool aipl i^ilk iirr liliifk, 

Ih kh: Si,t i»\ii iiii' 

In ihlH I»f llir 4)*'- UII ;i|iii|isi;i/si i|v«» i" 

diiiznli/.od iiiifl limn ttdii laiifm*' mid iiiiinsii- 

lliin c'liiHS iiiiifiy dyr-' iiii|wni In m'lPil 

An illuHtriilifiii idiii’li h fy|iif‘;ii hi ftm nl Isn 

in tlif fiillfiwini^: 

Aiiiliiif* yi'Iltiw tmv nl fin* f d^r-. aiid 

tlin fnnniilii 

MO*,H,Mil -IICl 

mBum Citirtfi##*# 

By diit/.iili/iiiK tlii ^4 llit'ir ultlninril fla* /.nilitii* 

ynllinv: 

'Wm 

wliirli rntfiliiiin« mitli A-'ini|4if iml, Inutmif Hi.; 

NO..H,l» mi + »0,.,a.,0H a 

% + ail 

St iti 

Tlif.f nrr «ii Ifii'.* rln/v.^ 

Cloth Htd G. Aiiiiiii«t/.»4iiii4fis» «'i M!i||i||iiin*iii XAId 

Ponceau 5 ^* 4 * irfciiijiliii 

aeiil 
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Cloth Red 38 . AiiiiiicKizotuIii«*iH‘ + /f-Xaphlliylaiuiiu*-/)- 

iii«ii»i,sii!|ili<» (2:a/. 

Crocein jB* Aiiiiiioaxatnliiaiii* + a~Xaphthul tlinulpho ac^id 
»Sfli. (I: I :S). 

Cloth Red B- AiiiiiKiii/.otoIiHiif* + /r-Xii|i!i!lic)l Hulplui ac'id 
XAV. 

Bordeaux B.X. Aittiiiiatz<i%.y!i»iii* + //-Xaplilhcd nulphci arid 

H. ( 2 : 1 ;). 

OrcMIRcdA. + ,V-Xa|ilitliu! (liHulplai arid 

11 . 

Cloth Scarlet G. Aiiiiiaia/.oliiniznir Hiilphu ac'i«l -f* ^Y-Xapli- 

tliiiL 

Poaceau 4 R,B. Aliiiiifiaziihriixrna jadpliu arid + ^'^-Xaph- 

lliii! arid B. (2:H|, 

Crociea Scirlel 0. fextra). Amiiioa/adaaiziaH^ di.Hidphu actid 

+ /l«Xajilitliid Htiipliii arid li. C2:K|. 

Fast Poacetu aB. Aiiiifiiaaiilaai/aair diHulfdai arid + /I- 
Xiipiilltiil diHiiI}ilif> arid it. C 2 :d:(iJ, 

Crocein Scarlet SB. Aiiiiiioay.iitfiliiiaio utilplic^ arid + /?- 
Xiifilitiiid i^'ii!|iltfi iirifi li. C 2 :H)* 

Fast ¥ioIet irtddiihf. Hidjilinuilii* iw*ai azd-fr-Xiiplitliylaritiiif! 

4 * /l*X'iijilit}i«d j4iil|iliii lifiil H. (2:11). 

Anthracite Black 1. rt'»Xa|i}it!iyIiiiiiiiici dintilplai urid a/.o-o- 
Xajilifii} laiiiim* + l)i|ilii!iiyl-w-plii»ii>dfaio dliuiiifio. 
Itphthflaminc Black D. rr-Xiijiliiltjdiiiitiiif! dwitlpliu arid 
Xaplidiylaifiiiit* + 

Diamond Gretn. Aitiiiifwiilii'jlir fudd ii/41-fr-XitplitJiyliitiiiiio 
4 iiKiiifimilfilifi arid H. (I 

Diamond Black F. Aniiiifimlirylir m*hl a^i-fr-Xiiplithyliiiiuiwi 
4 rf-Adt|i}ittitii miljiltfi iiidfi XAV. 

Itntti Rti* 4 m- 

Triiiiidiiiii 4 lioL 

111 iiK*T rmm liK\7Ji4^K rm 

11 ii» fiififird fr*ii« lit^ii/ddiiio and it4 m 

|ii'rrifiir4y lit tld^^ rlinfilrri lij dia/,«timf IfUi itiid riitiplifig 

%%iiti iiiid ran apfilittd tii wifkotti 

tlio aid i#f II liiorilaiil, Thiy iirii iiiie wi-ciillcfl ilirort dytm. 
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Brn/adiiii* U\n iisiiiuH ujioip- mi*] I turn i-r-ily 

liiuzcit izrd bv t b#* cit lUliiN' *iii u*-‘i 0 , ii il li th*» 

nvsuli hlicnvii bi*luw: 

C,H|NH. O.HiM M0I 

1 _ . j 

C„H,KH;; 0 .,H,N NCI 

'Phis proilliri may 

cjf all a!iiiu«% twn «>l a |*!a'?a»l .um m?ip’ 

plicainL !'*iiillif*riitt>ri% llif* ajtiiia' ba aijjf.i’ .a,-; Ua* 

phmiols may biMifilikf, iliii; \\ ibiibja* ' iL] 

mill |H'iHiuriii*mi luria* liUfiii * *1 p H»' I'la aafiibiM 

i by llii* in Jill* i!i . tfi bra.ab.a»»% 

kJiabMI buib;- |.aArr 

lirodiiriiiy, iiaw <iyi‘a. 

Till* aiiiiifi »*l t Mikaj i«* j.ui 

W|ii:tl!y niifiil fur liHfb ai** Op' <' pa,i«* •' ai.ii'-aiiy. 

lli<‘fiivt iiii>li‘rii!i» ai ma'*'; !. Maa!}*.. • *. 

Hia'iiinl iiii»lrrii!f* iiiiabi hiMav *»jMn4ii4i' ayta-a.:," » vr^2 

If till* Ha’iiinl riiiiifiiifaitl • aft* alalr, fla* 4 m'’" a a* ^ 

hillijili* lii*n/Jtiifii* «ly*-' i il lb*';** ai*‘ aiiliMa laHj'-i brii/pyia-^ 

\\lll*ll, fitf bp* !r I fa/abMp "al 4 litis?,-/r ’ 

with t\v<» lii*ii#**aili'^ Ilf srliatii «ia|>bbt‘a«a r 1 ' ■ 4 If't* .aab 
jifinlufi lif’iil lali/a »i aa .4-1 4 a, t !« 4 ^r,«- / ,4 uy I i t :r4 

in biriiii'il lilt* *u ^ ^ -O-i ab-i 

tlm liiitliilfia tai** ibi sabaif.If^la a| m4mC *: 

II ii 

Msl M 1 

/II,Cm, 

HtC,a' S0,»* 

C fr| 

A fc?W Ilf iIp* j||i|pataai 0 '*' ibn Ma ^ an* b'.*<4 

HllillfilllC t!ic» jiiiliial} -sib fall'** a p pbai»afi*'i W’iat L |a ll^♦ 1 |!l!’. 
fliii/aiii/ 4 *fl iiJ Ii staiblii" jnaiO aaa laulaiar) • iii 1 

wliidi iiiiiti! ftiili it In bom ii** 4y\ 
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^arilliant Congo G. . . 

(1) ^-ISTaphtliylainine disulpho acid 

Beiizidiiie<^ 2:3:6. 

^(1) /9-JSFaphtliylainiiie monosulpho 
acid, 2:6. 

C^iamine Fast Red F. 

y(l) Salicylic acid, 4:5. 

Benzidine<(^ 

^(1) ^-Aminonaphthol sulpho acid, 
2:8:6, in acid solution. 

^enzopurpurin B. 

(1) /^-Naplithylainine sulpho acid Br, 

Tolidine<(^ 2:6. 

^(1) /?-Naphthylaniine sulpho acid Br, 
2 : 6 . 

3R.osazurine B. 

/I) Ktliyl--/?-Naphthylamme rKsulpho 
Tolidiiio/ acid, 2:7. 

^(1) Ethyl-/?-Naphthylamine <!^-sulpho 
acid, 2:7. 

-A. 2 :o Blue. 

(2) ^K-Naphthol sulpho acid N.W., 

Tolidinc<(^ 1:4. 

(2) a-Naphthol sulpho acid, N.W. 
1:4. 

Bienzoazurine G. ^ ^ , , , , . ., xx 

(2) o'-Naphthol sulpho acid N.W., 

Dianisidme<^ 1:4. 

(2) a-Naphthol sulpho acid N.W., 
.1:4. 

I>yrainine Orange 3 G. . r i 

(2) m-Phenylene diamine disulpho 

Benzidme<Q acid, 1:3:4:6. 

^(4) NitrOf-m-o-phenylene diamine, 
1:3:6. 

I> iamine "Black'B .H. 

(7) Ammonaphthol sulpho acid 
Bcnzidine<(^ 2:8:6 (in alkaline solution). 

^(7) Aminonaphthol sulpho acid H., 
1 r 8.3:6 (in alkaline solution). 





('OAL-TAH DVKS 


Benzopurpurin loB. , , , , , 

i 2 j AliiiiioiiaplitiP’itI, 

1 : 1 . 

'ril AiiiiiiuiijifiliiI kiIi'Ik* 

I: L 

Chicago Blue 6B, , , , i i i 

fO AliiiiiMii.'tpliltiiJi h.» 

niuiiisiiiiitf‘<!^ I :S;2: I. 

Aiiiiiii»ii:i|ilitInti tii.Hii!|i!sii in'iil tS.^ 

I:S:2: I. 

Carbazol Yellow. 

y(l| iSiiIit'vIir «rii!p l:A. 

DiaiuiiHif’UiiKixol^ 


Uj Halirylir iit’iil, 

f7l Aiiiiipiiiiijilif!i«»! If , 


Diamine Sky Blue. 

Disiiikiiiiiii*^ im jilkaliiip piiii. 

C7| Aliiiiii#liii|iiiltipl ;P‘ii| ||. 

dii Piiij, 

Naphthylene Red. 

l:.-. Dim.,inn- NaphlhioHir u. M, 

naphliiyU’r.i’ \cjj sir’i«i. 

Chrysophenine. 

DiHininohtillu niy^* ** I I. 

St Denis led. 


IlkitiiiKi- 


12 ) ii-Xiijiltllifi! Mil|iiio iiriii^ %.\\\ 


a-/ 4 ixyici!iii!rif! 


/ l:t 

nil! 


'(2| ir“Kinitttlifii ii«d4 

1 : 1 . 


TitWAFPi T}tp:n 

III :ii! clyo^ Ilf fliih rhiHH will lir fiiiiii*! dipitlp 

ur a/.ii < *X N ) llaw all limfii.r t*y 

ilia/aiti/iiig kiiin liip 

liiolonili! Ilf I lilt ilym I'Ar it ilyp f«i 4 111%*/^ 

ilyo ii iM itttftiimiiiry llitii llio roiiiiiiti 1111 liiiiiipi 
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whicli may be diazotized I'eady for coupling with another 
component. The following example will make this clear: 
Benzidine, C 6 H 4 (NH 2)27 with its two amino groups diazotized 
may become coupled to two molecules of amines or phenols. 
If in one of the second components an amino group is present 
this may be diazotized and coupled with a third component 
to form a trisazo dye: 


Oxamine Violet G.R.F. 

y^"Naphthol disulpho acid It., 2:3:6. 
Benzidme<^ 

^Phenylene-m-diamine oxamic acid + 
m-Phenylene diamine. 

BenzQ Olive. 

.Salicylic acid. 

Benzidine<^ 

^a-Naphthylamine + Amino naph- 
thol disulpho acid H., 1:8:3:6. 

Diamine Bronze G. 

.Salicylic acid. 

Benzidine<^ 

^Aminonaphthol disulpho acid H. + 

, m-Phenylene diamine. 

Columbia Black R. . . . 

Aminonaphthol disulpho acid 21t. + 

Tolidine<^ m-Toluylene diamine, 2:8:3:6. 
^?n-Toluylene diamine. 

Benzo Black Blue R. 

ya-Naphthol sulpho acid N.W., 1:4. 

Tolidine<Q 

^ a-Naphthylamine + a~Naphthol 
sulpho acid N.W. 

Benro Black Blue G. i 

^ ... ^a-Naphthylamine + a-Naphthol 

Benzidine _ / ^^ 

disulpho 

Alizarine Yellow F. S. 

Balicylic acid- 
Eosaniline^-Salicylic acid. 

Salicylic acid- 
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Columbia Black F.B. 


,,, , ri-.\a|»lil hvlaiiuiH* . 

/^-Phc‘iiyH‘HC‘^ I-I* 

ditiiniiH '^AiiiiiiuiaiplilIml ."-iilplifi in'id ^i. + 

dia.!iiiiii‘j HiSiU, 


A fri.sn/a? «lyi* may la» fnrmi**! frmii a hmi/Jiliiii* 4yi‘ I'vmi 
wlion no amino ;.^roup appiairs in f*il!irr of flip rf^m 

pommtH nnuly for diuKoli/iiig. In lliif« om* of tin* 

(’ompommf?^ mu.^^f hi* of Himli n mil tiro that a M‘par*i!f*ly pn* 
pan*(l (liazo c'nmpoiinil ivill roiipln with if. 

Till* following ilyos i*\Iiihit flii^ iiiofhoil of ffiriiiatioii: 

Congo Brown G. 

.Sali«*yii<' aritl. 

"A{i>orf*iii. 

Hulpliaiiilir anid 

Horn fill* MToiiii roiiipfiiiniit ro^orrim foiiiaioiiig nu iniiiiio 
groups i.H Hlii! nhli* t«i roiiti milli i|i;r/.oti/,ial Hiil|i|i:iihlir jiiTl, 

till* third fliazo group li«*iiig lirniiglit iitlo llio hy 

hmt-iiiiiiic‘d f*oitipiiiiiiit: 


Diamine Green G. 


lioii/Jiiiii#*/ 
/i-iiif riiiiiliiio 


rtSalirylif* ariii, 

\fliillottli|»ilt!lol i«ilip!ifi litdif li. 


Columbia Green. 

<Biilii’yiir Ilf id. 

Hiilpliaiiilir iirif! 

Congo Brown 1. 

yKiilirylic* aeicL 

^Up'Huridfi. 
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Tetrakisazo Dyes 

Four azo groups (—N=N—) characterize this class of dyes. 
The molecules are the most complex of the azo dyes but are 
more easily comprehended by regarding them as made of 
components simpler than the finished dye held together by 
the same binding azo groups throughout. 

They are frequently produced on the fabric. An illustration 
is furnished by Hessian brown M.M., which is made by allowing 
two molecules of diazotized sulphanilic acid to act upon a 
substance which is already a disazo dye carrying two azo 
groups known as pyramidal brown T.: 


Sulphanilic 
acid \ 


Hessian Brown M.M. 


\.: I 

✓Resorcin 

Tolidine<^ I 

^Resorcin I 


Sulphanilic 

acid 


The initial disazo dye pyramidal brown T. is shown within 
the dotted line: the gain in thus converting one brown dye 
into another brown dye is depth of shade and greater fastness. 
Other dyes of this class are: 


Benzo Brown G. 


Sulphanilic 
_acid \ ___ 

^m-Phenylene 
m-Phenylene/ diamine 
diamine ^m-Phenylene 
/ diamine 
7 

Sulphanilic 

acid 
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Tho iiutiul clisazo d\a' in this itisfaiH'n in Hi.^iinirrk lirnwfi^ 
wliicb Lh iiiflosed in tin* dottc*d line*. 

ySali«‘y!i<* 

Bi*nzi<iine*<r 

Mekong Yellow G- ^ ^ \)io\yfliplioiiyl imilmiio 

xSalirylir arid 

Two inoloruIc*H of hcnizidim^ am diazoti/.oil and laifii f'«iii|ilot! 
to a inobaaik* of .sulphaiiilic* nci«l; tlaai two iiiolw’iiloM 

tluiH |)n*|>uriHl jenn theniisolvos to tin* rout nil iiiolorii!i* of i!io\y'' 

diphcniyl niedhane. 

The followiiii^ dye h .*4iiiiihirl\’ it tiled; the final f4ep 
heiiiK the union «d two iiioleciilf*:^ of llie iiiteriiiediiilf* prndiirt 

to dioxydiplifiiy! inelliaiie: 

< Xsiji!illiioliie arid. 

A 20 orange k. Ilio\ydi|ilieiiyl iiieflntiiin 

'rolidiii**/ 

\Xa|i!tfiiioiiii* iirid. 


Mekong Yellow R. 


< Hii!irylie iieiih 

1 


Tolidine/ 

xMiilindif 


!liii\ydi|»lieiiyl inidiiiiiie. 
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THE SEVEI FOOD COLORS* 

Is tlif» Ilf iiinfiy fruiiM nrMl 

iiii4 f!if* imnhiftH iii:ii|p fnmt tlii^ luitiinil cc^lorH an* 

III Hiirli mi ivi in ^ivi* ihrtit a <lac'C‘{jtivc* 

Ilf iiifrriiir ifiiitlity. Tii raiiifcly thin, artifii'ial 

air In rrMlfirf an fur ii*4 iiiiHHibtr tlir «>ri|^inal Hhaclc*^. 

T!if» ii*lv«aii tti nial-iar H’tt Ilf jicnraraitd lirilliati(a% 

ifirirr mii 4 rtiirffirr tliaii itifi4 vra<*tablr rc^lcira^ aalurally 

Ini tn ibiar a-r iii fitiwL aa*l brvrrayfvr Hail thry brcni 
liaiirJr '» litflmibji^rfiiiii ttnabi bavi* lif*iii iiiadr a|aibi.4 iltrai, 
;at,i‘ ttlirir :i 4i iiiiTi'baitf Mi' iiiiiiiufiirtiirrr iiiirhf hojic* 

by u>hl nril iiifii’anity in lii^ laHalri. 

Tbt^Mf' tfilnr iiir iirif alf baif4iiiitr nf fliriii am ilaii- 
fiKi'Mii* aii4 in ara darii^arcaiH 

riiiiiainrd tlirrriii, nr tint awiaiir 

flan huvf' a* fuaii f tir 'niljiliiirir ariii itirrrtly or iialirartly 

riii|i!o)«'4 «• "Miiif* iiii'm Ilf flii*ir mmmtmitms 

11ir It*-till liir: brrii fiiaf aftrr iiiiiM and aarrftil rdtiaalrrafiori 
!!i«» iniiiilirr *4 rir'il iitr r'ri!#ii^i fur foodM anil linvimipKnn liiw bmii 
liliiiff"4 by tia* ym-rriiiiifitt to Minaan Tliiw wrm bath 

bnninr iliry mp Ii 4 iiiibn>i in iifti! ibair iiiaiiiifiirf.iiri! 

«%aii !r nfj i^oiaiipfrd In f»riffliim a jiiim jinulitrt, i*%rlinfitig 
iiitli itmaiir nr jiiiiiaiiioini fiirf.iiliir «tlfi4 iniil 
iivoblliii' till? nf iha riiw iiiiifia'iab'i or iiny fomign 

iiiiiftar wliiiirtf^r, itii«! ilioir pafriitu If*ft¥irig thoir 

tiiaiOiLirfiilo to all 

Till* firwaiir rfiittatfiiiiatifiii I'fiiiiw from ttw* niilpltiirir iiriil 
ioii|i!oyf*t|. Aa fiw* lb A Ilifiriiifirnjaftiii mf|iiim« flint Mtilphiirir 

* Frriiiiltnl III mill iMarragm by I tiff IL H Ofii^rraiiaaiL 
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acid shall not contain more than one part of arsenic in 100 , 000 , 
and as sulphuric acid can he obtained in large quantities 
containing only one part of arsenic in 500,000 and without 
increase in the price, the manufacture of these colors free 
from arsenic offers no special difficulties. 

These seven colors and mixtures of them are regarded as 
ample for producing any desired shade in foods, beverages, 
condiments or confectionery. The seven permitted colors are: 

Red 107. Amaranth. 

56. Ponceau 3R. 

517. Erythrosine. 

Orange 85. Orange I. 

Yellow 4. Naphthol Yellow S. 

Oreen 435. Light Green S.F. Yellowish. 

Biaje 692. Indigo Disulpho Acid. 

They all belong to the class of acid (colors. All except 
erythrosine owe their acid properties to the salt-forming 
sulpho acid group, (—SO 3 H). Erythrosine contains the salt¬ 
forming groups, (—CO*OH), and (—OH). 

The seven colors are further classified as: 


Acid Colors 


■ Amaranth. 
Orange I. 
Ponceau 3R. 
Raphthol 
Yellow S. 

Light Green S. F. 

(Yellowish). 
Indigo Disulpho 
Acid. 

. Erythrosine. 


I Azo Colors. 

I Nitro Color. 

'I Triphenyl methane 
J Color. 

Indigo Color. 
Pyronine Color. 


Amaranth appears in commerce as a reddish brown powder 
which dissolves in water with a fuchsine red color. If hydro¬ 
chloric acid is added to the solution no change occurs; but it 
turns dark when sodium hydroxide is added. It dissolves in 
strong sulphuric acid with a violet color which turns bluish 
violet on addition of water. Is is not easily soluble in 
alcohol. 
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Tliw roifir y |*rf*|ian*<i by diazutnaplithl<Hur iir’id aiu! 
rciii|iliii^r tliF |»r(Hluc‘f wit!i/f-iia-,|>litliol diHulpljo jiaid H. 
two < nii«l I In* color have Ilia struct ura 




HO:|S’ 


OH 


SO:jH 


acid K. 


NHi! 

A/\ 

\/\/ 

SO:,H 

Ifaphthiimk arid 


Ilia 'Hf«iiiiiii .salt of ilia prixluat of Ilia aFova «liazotiziit|£ liucl 
I'oiifilif!” art ions In aiiiaritiilli: 


m 




HaO.iS* 


OH 


w 


SO.,Ma 


H 

/\/\ 


vy\/ 

SO:jHa 


Ariiiriftfli 


Alimmiitli is liof iiffarlail liy iiaids a!if! alkaliaH^ nii4 yialcls 
a bliiisli raii ivliirii ri^ists to a fair <li*^raa I ha acfaoii of light. 

Ponceau 31!. ffiruis n ihirk rat! |fomalar. In wiitar it. tlknalvas 
li-ifii SI rliarry rad color, hut in iihailifil it iliM?4olvai4 witJi 
liiffiriiliv tf» n yflloivi^ti rad f’lilor. Xo rltiiitga in tlia soliitkin 
ornirs wliait liytlroalilorir mli! h iidilaih but a yallow iiraaipi- 
litfa falls mliaii sofliiiiii iiydroxiila Is tiHaib A aharry rad 
solufiiiti In foriiiafl irilh sfroiig Hitljtftiiria arid iirtd ttia iidditJort 
Ilf m^nlar ntiisas no riniiipn 

Poiirajiii 3 ft, r«*sii!t.N froiii itia art ion of diiiicotiml ^^^-atiiiildiita 
iififiii A»iiii|ttit!ioi dkiiljilio maid !L Tlit* aotiiiiiarriiil color k ilia 
siiiiiiiiii 'Milt Ilf this firodiicfi: 


OH:i 





HO,,sl , ^SO.,H 

f-'itpfcifhd diiiilffei# *cW R 
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=N 


NaOoS 


SOgNa 

Ponceau 3R 


\yCH3 

OH3 


Erythrosine is the only one of the seven colors containing 
iodine. It is a yellowish brown powder which forms a cherry 
red solution in water. Unlike some other dyes of the pyronine 
clasS; its solution exhibits no fluorescence. 

From the solution a brownish yellow precipitate falls on the 
addition of hydrochloric acid; while no change is caused by 
sodium hydroxide: in solutions of certain strength a red 
precipitate falls which redissolves in an excess of water. 

When the color dissolves in strong sulphuric acid a brownish 
yellow solution results, and this l)y warming evolves iodine 
vapors. Addition of water to the solution in sulphuric a(*id 
causes a yellow precipitate. 

Erythrosine may be prepared })y treating fluoresccinc with 
iodine in alcoholic or acpicous solution. The fluoresccinc^ 
itself is made by heating together two molecules of resorcun 
and one molecule of phthalicj anhydride to 190“-20{)^ 0. aloiu^ 
or with zinc chloride: 

CO-yG 

Ko/\oK t"^CO 


Resorcin Phthalic anhydride 



I 


\/ 

Pluorescein acid 
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When this has been enriched by four iodine atoms and 
further has been neutralized to form the sodium or potassium 
salt, it becomes erythrosine: 



Erythrosine 


Orange I. is a reddish brown powder which communicates 
an orange red color to water and an orange shade to alcohol. 
In both liquids it dissolves easily. 

A brown precipitate forms when hydrochloric acid is added 
and change of color to cherry red follows the addition of sodium 
hydroxide. A violet solution in strong sulphuric becomes 
red brown by dilution with water. 

Orange I. is made by diazotizing sulphanilic acid and coupling 
the product with a-naphthol. The sodium salt of this product 
is orange I. 

Orange I. may be contaminated with the poisonous orange 
II. as an impurity: 


NH2 



Orange I 
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Naphthol Yellow S. conies into the market as a bright 
yellow or orange yellow powder. It burns with a yellow 
flame accompanied by scintillation. The powder dissolves 
easily in water with a yellow color. 

Hydrochloric acid turns the solution to a brighter shade of 
yelloW; but no precipitate is formed. Very different effects 
are observed upon adding the potassium and sodium hydroxides; 
the former causes a flocculent precipitate in exceedingly dilute 
solutions while the latter has no effect. The solution in strong 
sulphuric acid is a yellow which becomes brighter as water is 
added. 

Naphthol yellow S. may be made by the action of nitric 
acid upon 1-naphthol 2 • 4 • 7 trisulpho acid. The potassium or 
sodium salt of the product forms the color. 

Naphthol yellow S. may contain the poisonous Martins 
yelloW; either as an impurity or an adulteration. 


HO3S 


OH 

/N-/\so,h 


NaOsS 


ONa 

(^|/\n02 


S03H 

1-Naph.thol 2.4.7. disulpho acid 


NO 2 

Naphthol yellow S 


Wool and silk may be dyed yellow from an acid bath. 

Light Green S.F. (yellowish) is a bright green lusterless 
powder which dissolves in both water and alcohol with a 
green color. The solution becomes yellowish brown on addition 
of hydrochloric acid. Sodium hydroxide bleaches the solution, 
and then causes a turbidity with violet color. 

Neither barium chloride nor picric acid cause a precipitate. 
The yellow solution in strong sulphuric acid becomes slowly 
green on dilution with water. 

Light green S.F. (yellowish) is manufactured by bringing 
together benzaldehyde and methyl benzyl aniline. The con¬ 
densation product thus formed is sulphonated by sulphuric 
acid and then oxidized: neutralization then forms the salt, 
which is the color. 
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OHO 



Benzaldehyde 


C 2 H 5 

CHa 

I 

C6H4 

I 




Methyl benzyl aniline 



SOoNa 


Light green S.F. (yellowish) 

Indigo Disulpho Acid is a fine powder of blue color, which 
dissolves easily in water with a blue color. A bluish violet 
effect is caused by adding hydrochloric acid to its solution, 
but this changes to blue again on diluting with water. Sodium 
hydroxide develops an olive green which remains on dilution. 
The bluish violet which it communicates to strong sulphuric 
acid is again turned blue as water is added. 

Indigo disulpho acid is one of the products which results from 
treating either natural or artificial indigo with fuming sulphuric 
acdd. The blue insoluble indigo is enriched with two sulpho 
groups by the process and thereby be(;omes soluble. 

Indigo disulpho acid may be contaminated with indigo 
monosulpho acid: 

OoH4/^%o=c/^Nc6H4 

Indigo blue (insoluble) 

0 = 0 / ^SoeilsSOaH 

Indigo disulpho acid (soluble) 


HOriSCnH 







n I \i. 1" \ {: I.s 


2:i4 

llif luuuni .*«' 1'^’ ’ ' i ' 

tar prfi<lurt> tIii*if!-i*l'>»■ 'T , • mi , < m'» » * 

prucltiriH, <jr f*Vf»ii uiiii Ui*' ^ i i ; 

in r«Hiiiiic*rrn Ifi U, . . ' . « . i , 3 , _ 

inn* \uiii!il nifi^i:-^ in |iufi‘i« rn n »* '-n.M i» ' 

Hcilil an a <!yf* fnr f:i!*rit' Im .-i* : »• 

inj^ nf fciutln. Ill i1p’ *''‘a ‘‘‘‘ * t y-.M! 

rrililn fulnra a fmaa’ ^ , * vn « 
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the manufacturer that they are free from subsidiary producits 
and represent the actual compound whose name they bear. 

The following statement is necessary in order to illustrate 
the principles guiding the Department of Agriculture in fram¬ 
ing this -portion of the decision: 

An extended study of the large number of so-called coal-tar 
dyes which are now in use for the coloring of foods and food¬ 
stuffs has been necessary to arrive at a conclusion concerning 
the restriction; if any, which may be placed on their use, and 
the Department acknowledges the very efficient aid rendered 
during the course of this study by Dr. Bernhard C. Hesse, of 
New York city. Doctor Hesse has had an extended expericn(*.(5 
in this subject through his long association with the leading* 
dyestuff manufacturers in Germany. Since severing his (‘.on- 
nection with them ho has given his time largely to expert 
work along this line. 

The literature on this subject is very unsatisfactory as io 
what coal-tar products are used, and is not to be depended 
upon, because of the equivocal nature of the terminology 
employed. It is impossible to reduce this terminology to an 
unequivocal and definite basis for the great majority of sucdi 
coal-tar colors. 

It was impra(;ticable to go to all those in the United StatciH 
who use coal-tar dyes in food products and obtain speciirmnn 
of the coal-tar colors so used. This is true not only becausci 
of the large number of such users and their wide geograpliicnl 
distribution, but also because of the reluctance which would 
undoubtedly be encountered among many such users to discloHC 
the nature of the products employed by them. 

The sources of coal-tar materials are limited in number^ 
however. By reference to the book entitled '^A Systemati <5 
Survey of the Organic Coloring Matters,'' by Arthur G. Green, 
published in 1904, on pages 9 and 10 thereof, it will be scon 
that there are thirty-seven different concerns in the world 
(uigaged in the manufacture of coal-tar materials. 

Therefore a canvass of these sources for such coal-tar color¬ 
ing matters as, in their judgment, or in their business p)racii<tcq 
they regard as proper for use in food products, seemed the bent 
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concerning which, there has been the greatest unanimity of 
opinion among the manufacturers or their agents as to their 
fitness; and in the cases where such dyes have been studied 
as to their physiological actioii; and the reports have been 
favorable; they have been included in the tentative list pro¬ 
posed in the food inspection decision herewith. 

This tentative list of dyes includes a wide range of colors 
sufficient for all legitimate purposes. Among them are none 
which are patented, so that their manufacture is open to all 
interested in the dye industry. 

One point must be particularly emphasi^ied regarding the 
use of these dyes, namely, the need for the manufacturer’s 
guarantee of purity. It is the manufacturer above all who 
knows the exact nature of his dyestuffs, and if he is willing to 
sell his colors for use in foodstuffs he should be willing to 
guarantee that the dyes really are what they are represented 
to be, that they are not mixtures, and that they do not contain 
harmful impurities. 

In order further to minimize the possibility of harmful 
impurities existing in these dyes, it has been thought necessary 
to require a further examination by competent experts, a 
certificate from whom is necessary, stating that the dyes in 
question are what they are represented to bo. 

FOOD INSPECTION DECISION 7^—Continued 
[So much of it as relates to colors] 

The use of any dye, harailess or otherwise, to color or stain 
a food in a manner whereby damage or inferiority is concealed 
is spccifictally prohibited by law. The use in food for any 
purpos(i of any mineral dye or any coal-tar dye, except those 
coal-tar dyes hereinafter listed, will be grounds for prosecution. 
Pending further investigations now under way and the an¬ 
nouncement thereof, the coal-tar dyes hereinafter named, 
made specifically for use in foods, and which bear a guaranty 
from the manufacturer that they are free from subsidiary 
products and represent the actual substance the name of 
which they bear, may be used in foods. In every case a certifi¬ 
cate that the dye in question has been tested by competent 
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The term manufacturer/' as used in F. I. D. 7G and in the 
present decision, applies to a person or company responsible for 
the purification of the crude or raw dye for the purpose of 
placing it in a condition fit for use in foods and foodstuffs; 
or to the accredited selling agent in the United States of such 
person or company. Such accredited agent must file, on 
behalf of his foreign principal, if the latter does not file it, 
a manufacturer’s certificate, and it will be considered that the 
responsibility for such certificate will rest upon the accredited 
agent and not upon the foreign principal. 

For each permitted dye two certificates must be filed ])y 
the manufacturer, the first to be known as the ‘‘ Foundation 
certificate,” the second known as the Manufacturer’s c.ertifi- 
catc.” It is suggested that the foundation certificate be in 
the following form: 

FOUNDATION CERTIFICATE 

I,.. the undersigned, residing at. 

(Street address.) 

in’the city of., county of., State of.. 

.. hereby certify under oath that I have personally 

examined and tested for., of., county 

(Pull name of concern.) (City.) 

of.. State of., the material known as 

.. which corresponds to the coloring matter num¬ 
bered .in A. G. Green’s Edition (1904) of the Schultz-Julius 

Systematic Survey of the Organic Coloring Matters,” and of which 

a one (1) pound sample marked . is herewith submitted. I 

have found the said material to consist of that coloring matter only, 
to be free from harmful constituents, and not to contain any con¬ 
tamination due to imperfect or incomplete manufacture. 

(Here insert a complete statement of all the tests applied to determine: 

A. Identity. 

B. Absence of 

a. Mineral or metallic poisons. 

b. Harmful organic constituents. 

c. Contamination due to improper or incomplete manufacture. 

Special attention should be given to setting forth fully the quantities or 

volume of each material and reagent employed^ its strength or concentra¬ 
tion ^ temperature, duration of treatment, limits of delicacy of tests employed, 
and any other information that is necessary to enable others to repeat 
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COAL-TAR DYES 


accurately and correctly all the work herein referred to and thus arrive at 
identical results. For each test performed, state what cxmclusions are 
drawn from it and why.) 

(Signature of ciieruist making the examination.) 

Certification. 

For the manufacturer’s certificate the following form is 
suggested: 

manufacturer’s certificate 


. . the undersigned, a resident of the United 

States, doing business at.. in the (‘ity of. 

(Street addres.s.) 

., county of.. State of. 

under the style of.. do hereby certify under oath 


(Full name of concern.) 

that I am the manufacturer of the material known at., 

which corresponds to the coloring matter numbered . in the 

1904 Green Edition of the Schultz-Julius Tables, of which the accom¬ 
panying foundation certificate, signed by ., the 

examining chemist, is the report of an analysis of a fair, average 
sample drawn from a total batfJi of.pounds. 

(Signature of manufacturer.) 

Certification. 

The foundation certificate must be filed with the Secretary 
of Agriculture at the time the first request is made of the 
Secretary to use any or all of the permitted dyes for coloring 
foods and foodstuffs. 

The following form of supplemental certificate is suggested 
in those cases where a manufacturer desires to apply for 
permission to place on the market a new batch of a coal-tar 
dye, which dye has already had a foundation certificate and 
a manufacturer's certificate filed for it: 

SUPPLEMENTAL CERTIFICATE • 

.. the undersigned, residing at,., 

(Street address.) 

in the city of., county of., State of 

.. hereby certify under oath that I have personally 

examined and tested for.. of., county of 

(Full name of concern.) (City.) 

.. State of., the material known as 

..., which corresponds to the coloring matter num¬ 
bered .in A. G. Greenes Edition (1904) of the Schultz-Julius 
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“ Systcma,ti(i Survey of the Organic Coloring Matters/’ of which a 

one (1) pound sample marked.is herewith submitted, and I 

have found it to consist of that coloring matter only and to be free 
from harmful constituents and not to contain any contamination due 
to imperh^ct or incomplete manufacture. 

This examination was conducted in strict accordance with the 
detailed s(!herne of examination fully set forth in the foundation certifi- 

c,ai.e filed. 

(Date.) 

(Signaf.uro of choiuust.) 

Certific^ation". 

This supplemental certificate should likewise be accom¬ 
panied hy the same type of manufacturer’s (certificate as is 
described above. 

When the certificates filed with the Department of Agricul¬ 
ture are found to be satisfactory^ a lot number ” will be 
assigned to each ])atch, which lot number shall apply to that 
l)at(;h alone and to no other batch of the same color. 

According to F. I. D. 76; the seven permitted coal-tar dyes 
therein named; made specifically for use in foods, may be used 
in foods provided they bear a guaranty from the manufac¬ 
turer that they are free from subsidiary products and represent 
the actual substance the name of which they bear. The 
guaranty herein considered shall be applied as follows: 

Each package sold by the manufacturer should bear the 
legend Part of Certified Lot Number.” The founda¬ 

tion certificate, as well as the corresponding supplemental 
certificate, does not apply to any certified dye beyond the 
package originally prepared by the one establishing this 
certificate. If such a package be broken and the dye therein con¬ 
tained be repacked, the repacked dye, except as hereinafter 
provided; becomes an uncertified dye, and as such is inhibited. 

There is no objection on the part of the Department of 
Agriculture to mixtures made from these permitted and 
certified dyes, by those who have filed certificates with the 
Department, but one (1) pound samples of such mixtures, and 
the trade name under which each mixture is sold, must be sent 
to the Secretary of Agriculture, and no such trade name or 
keyed modification thereof may be used for any other mixture. 
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The exact formula—that is, the true names as well as the 
numbers assigned to the original package and the proportions 
of the ingredients used—should be deposited with the Secre¬ 
tary of Agriculture, but such formula need not appear on the 
label; in lieu of w^hich may appear the legend “ Made from 

Certified Lots Number. and Number.etc. If 

the packages of these mixtures bearing this legend be broken 
and repacked, the mixture becomes, except as hereinafter 
provided, an uncertified one, and hence its use is inhibited; 
that is, the guaranty of the manufacturer shall extend only to 
the packages prepared by himself and only for so long as they 
remain in the unbroken form. Whenever new lots of pre¬ 
viously established mixtures are made, making use of new 
certified straight dyes therein, thus necessitating a change in 
the label, 1-pound samples of the new mixtures should be 
sent to the Secretary of Agriculture. 

The term “ competent experts'' as used in F. I. D. 70 
applies to those who, by reason of their training and experience, 
are able to examine coal-tar coloring matter to asceidain its 
identity and to determine the absence of foreign matter not 
properly belonging to the product, which, if present,' renders 
the substance unfit for use in food products. 

The term batch as used above is such a quantity of the 
product as has undergone the same treatment at the same 
time and the same place as a unit and not otherwise—that is, 
the lot for one purification. 

Those to whom certification is given with respect to their 
dyes and a lot number assigned should control the sale of such 
batches so that they may account to the Department of 
Agriculture by inspection of their books or otherwise for the 
destination and disposal of each batch. 

Those using these certified dyes in the preparation of foods 
and foodstuffs must be in a position to substantiate the fact 
that the dyes so used were of a properly certified character. 

There is no guaranty on the part of the Department of 
Agriculture that because the tests described in any foundation 
certificate have once been accepted, the permanency of such 
acceptance is assured. 
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I'vaii tlii>iii*li Ilif f'lifiii’fit M' r-L • 

lia.^ latl llif ,iiu* ./ I * 

nini tla* Haiiit’ plai'r a a Ufa’ 

'Fill* lUil’ti “ IIHUfiira " U U *'l P I 

ImiIIiiI}!, aiifl liilktiuiuu *»f I •-M , h if . i I u- 

liarrli) ilrrlaN'^l luuui'. f<*u - ua .* i • , . 

wlifill) Ilf i‘iuli!ii‘ii I'M.il p;» , !*'a p' . * s 

iflil* nr lllHif ai ! F ilirtl » 3 »p| 'lu. p'-» 'p, 

or ill riUk*a|,*' - 

fir ill|!,miiiiil IimI f-nal f a 31’I' .,1s' ' * ‘ p ^ 

uf it 111*111'^, fir iirufpii* a? • mr jLi » f 'm ^ ^ > .i 

lufiiihiiialinii u‘i‘*i iui,iiiil*- a p i- a < p * . - 

Itri* no! filiiliibltiul ful (1 a iu n ; |a.»UU'* - 1 * I ■■ 

fif ,^.iirli lili Jiii FaliiiU uU Mr*- ^ . ,u |.> p * 

nr ill *alal |pa" p’’’ '’U^ aMP-p* 

|Hfuitl*liit*Iit Ilf Uli* IhIpI !'p \p .p ,,i 

i!i*|«ipiti*il ttifli tiia p| t '* .* a* .1 

|llill|pi J4|iifi|4i* itiiat'pf IMU ’ Jp < < P fp py , . 

riiltliri% lal? ^ Ui If fpllii'bp la« 1 a* f ,,m ^ a* p M 

lil*ll Ilf llilif'li laa; l ab ' p Ps 

IcilM X'llilibpr au«l \'iPp%m ‘ ,i 

lifill iii*<*ii liP ina4n nf pia. << i i la p ’-a r ,p, i 
tliiiii Ilf fill’« Ml ifia4 1 *a|J'- pf 

U. W. Wil44. i\ Jif Ui M. i- 

ri iifi i )rM<| III 'j «ii 

A|l|irilVi*i I: .1 I Ml a II 11 '-p I a , /"r, , Mp ^ ,./ f / i, , 

|l. \l JI* !*< }'* I'MI 






p' I, 


I MMif ^ I fitU Ui * l‘ |iM‘* ji : 

F ppi M , lui I 
14il t P. I . , , u I .a * P-' 

Fiii#4 Pi'p-.p*. Fu |^44a'ia , !•> * I p tmi7^ 

fivr* iiliM r»f Pial Ip? .vUp fi a. p. , p j .. i;r-r!i,||.| 

fniill t}l«^ !lnjai|1?uiui^ I|PP .a-a* a, p, i f . p. liiiiil 

flirlllir tltiliaiu I Mf4 ltP|pM|p|, ft. P.a/i.|p4 
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September 25^ 1907^ provides for the certification of dyes. 
Food Inspection Decision No. 77 was amended March 25, 1909, 
by Food Inspection Decision No. 106. Some manufacturers 
have succeeded in producing the seven colors, under the con¬ 
ditions outlined in Food Inspection Decision No. 77. Certified 
dyes are now on the market. Certified dyes may be used in 
foods without objection by the Department of Agriculture, 
provided the use of the dye in food does not conceal damage 
or inferiority. If damage or inferiority be concealed by the 
use of the dye, the food is adulterated. 

Uncertified coal-tar dyes are likely to contain arsenic and 
other poisonous material, which, when used in food, may 
render such food injurious to health and, therefore, adulterated 
under the law. 

In all cases where foods subject to the provisions of the Food 
and Drugs Act of June 30, if^OG, are found colored with dyes 
which contain either arsenic; or other poisonous or deleterious 
ingredient which may render such foods injurious to health, 
the cases will be reported to the Department of Justice and 
prosecutions had. 

The Department is in possession of facts which show that 
there are so-called vegetable colors on the market which con¬ 
tain excessive quantities of arsenic;, heavy metals, and con¬ 
taminations due to imperfect or incomplete manufacture- 
While the Department has raised no objection to the use of 
vegetable colors, per se, yet the use of colors even of vegetable 
origin, open to the objection of excessive arscmic, etc., should 
not be used for coloring food products. 

F, L. Duni^ap, Geo. P. McCabe, Board of Food and Drug 
Inspection, 

Approved: James Wilson, Hecretary of Agriculture 

Washington, D. C., April 7, 1909. 
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THE PYROIINES 

TfiK pyn^iiinoH :i of mlijrli o'liih.!" 

\«‘llowi,'^li ri‘«l, I’oHO ri*il, l^Iiii^li, uii*! vfi»l«'t ,0^1 tn iV 
that prodiif’f* iiiohf brilliaiil and hoaotnnj 1 '' ilti' 

a .^plfaidid i** . v.loij 

iipaii ailk, Ifoi^ frf*i|iii'iifly on and odoonM anon 

oxnfpt with till* iHt* of an «al iiioolain 

The* I'liic'f raw liintorial W'tiirh rotiii” Inaa f*t:d no 

lliiplitlijil«1ii% whirli m riifivoili*.i into pinhala ;o'ai 
thwi info {ilitlinlia iiiilty<lriili\ in oo|o<' to oi' Mnoifiiad vodi 
the phefiol-H iiikI aiiiiiiii p!if»iiiil.H to p!odao'#’ t ho 0:4 r< oi d;** 
variiiiiH pyroiiiiie 

TIic! pyrf»iiiii«'*a ritiiipri?o* u, ^fiia!! oihrli ^ o| h.i f!^f‘ 
piillei! pyr«»iiiiieH aini a iiir|.:f'r »’la Ifonui a f»lnh4ioin 
latter ek«ii rimtiiiiw fiiiilier ihi* oorhnf^- iiial linidaifyn*' . 

Tiik Pviio\i\ivH 

TliiP eliiFH of dye:-^ finiii tlio pliflialriii hi ^ otp 

ertiy two henzeni* riiiiir, ilm hd' hom* Tla 

lieiizerii* nofiiaiii ^iile rfaiiiia of aniiion f Ml|^. rmd 

hydroxyl^ f—OHd ^n'oilp*- Irhiali njffrfMr, e in tilO loifii 
fif cliirietliyl-w-iiiiiiiio phiniof, C#}H|iC)HiM Cll|0, 

By the ^l^f* of aliphatii’ ahiiditdo;^ aial load’. the phoi/ol < 
rimy he rontleiiKed iiitn Mih^tatfof»- mhiofi fin iho aii ripinin 
eliriiiiiiitioii of \vafer and o\idafioii afe i-onveifi'd into 
Pyroalfii G, li8%i appear^ in rn- 4 dl ^ 

td It Kmeri lustre wtiiidi iiiipaii a ii'^d rfihir |MfGli||| 

to wmter Willi II ye.l!«»wih4i Ihifitj 

The fir?«t Hep in ite pfeparatioii the 
iiiiiriri id fonfialtieliyde with *iiiiii*f|iU 

Mh 
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luiiiiio .siilhnturic*(\s with llK^sctparation of a 

of W;it«T: 

il + 2 = 

H-.C—H I J 


FfirmaMelsytle 


phei«il 




N(OH,.,). 


+ HyO 


H--'0.H 

Trlramrtliyl4iiHiinf*- 

lii t!ii> firofliifi it uill bi* liotiooil ihat tla* hydroxyl i^roupH 
aro ill llio iiiiho jionitioii in rofhroiiro to Ihf* nii'thano oalnm 
atiitii, and I III* iio\t ifivtilvoH tho fur! hor Hc^piiniticni of 

iiiiilofiiii* Iff ma,tt*r niid a iiiiioa of tlio rings by tlio 
niiiiiiiiifig H\ygfii iifoiii an anliydrizalion ohnrjinforistin (h 
tlio mid |iiit!tii!oiii llio rosnlt apjM»a.ri 4 in tlio 

fiilloiuiir ioriiiiihi* mid if in hroiiglii nhoiit by tJio action of 
f’itiP't.iitralrit sii!|i!iiirii' iirifi: 








\/\ /\/ 

T«t« f fiti hf 1 
illpitiif ©«M« 

fly fiiiditiioii iiiid tli«» forfiiiili«ni of ii mll^ ilici ilyci m pro- 
diiri*ii wiili till* strio’ltiro iis fnliows: 






m 

PfmMm 0* 






C‘(K\l/rAR hVKS 


2 :)() 

HyfIr<H‘lih)rir arid tiirii.'^ I hr rrd a<|ip*«ri> Im a 

hrigiif uraniif*, w liih* .-;«ii|iiiiii li\ifrirvifii* ratiar;- a imh* li'd farriih 
tatr. If «!iaHulvi*s ill a4mia Milfdiiirir ;ri4 with a irddirdi 
jrlhnv rolrr wliirh tiirii.s tn nai ttlifii ilir ’-iiliitiuii i*- ililiiini 

willi \valc*r. 

Hilk, Wool, and ak-r rifflmi liirnhiiilrd wiili faiiiiiii and 
tartar f*na*lir arc* ilu’ii a farfijiiir rrd wliirii i:^ iiiiwirrati'ly 

fani In ami fa.'drr in 


Tin: Pin If iij J\> 


f’laHH nf clyrn faki*N its fiaiiw* fnnii |tlilli:iiit’ aiilivdridfn 
CiaHihCOl-O, wliifli is i*a i!\ num |>htlM!a irsi i ir. 

in its turn idiliialii* i ii.:idr ir. thi* 
of iiaplillialriio, iiapliiIml, ni ilijiiliiiii:f|ihtlud. 

'riiiiH, iiaplif!ialiiii% our id ilir Iru'’*'# n iodinPiJ 4* 
iiriifH of foil! far, Im llii* liaJ of Pa* lunindan iijr nl Ph fir* 
tirulariy hrilliiifii rhiss ni'ilvos, 

Out of tln^ Ihroo |>lil!iaiir arid i hmf’h • Jh |im hili-. i hi* 
oar ohliiiiiOfl !iy fill* o\iij;!tiiui of iiafflii iinl-or m ii 
Ik tliiif wliir}i liaa fin* liui ruihtivO /im i|> to ms. f. 

horiiifi^ nirtioii iifoiiiH, kiiiiwa nl^u^^pink:\lh^ a* id, *♦! 
followiiii^ roiint if Ilf iciii: 



»«piilli»lf8i8 mii rwrsilli Miti-|4fi4#i 


Tflo fiit4rii%’ory of fin* firnf Pyi* fioiii aahydndo \%,%n 

Itliifift lit IS7I liy Afioljili llaou'ia f|r lofiiitf f|i:it im ||ir4?hjy 
liliiliiilir itiiliydridf^ ttitli it fifiriiol aial , oiao i-n , 

fllfcoil iifiliytirciii.^y xifir rliloiido, to I ifo* t|ji walar. n tstiM 
liaiwfitiofi liikitfi filiii'ii tJiiii may hn ri^jifooMifod iPf IniiiaA-p 


+ 20 hH,OH a Onuf ^0 + a..O 

\oo 

WiiMilic stibfdtMs l^eol PbtSMtpfelhiWii 


TIIH 1*V RON INKS 


2")! 


f 


I. 




C*f»iitniry in ion tli(‘ niicldio oxyi^m of l!i(‘ phfluilic 

oiili\ilriili* i> no! flic* oiii* wliirh is ropho'od l>y the* two pheniol 
nifliflos fliroiiyli los^ of n. liydr(^;i:(*n atenn from c‘iioii, htit chh* 
of thf o\}’yoii.H cd’ :i oiirbonyl ;’;rou|»; tims aii im.symmcd.ricul 

loriiiiiL’i roMilts, 

1 111 * !i\ilro|i'i»ii iilom which roin(jv<‘d from each inolc‘<*ul(^ 

ftl ffliiiiid. .^tamls (»|»|#ocit«* to tho liydroxyl |i;roii|> or ooruimss 
ili<* flora fiositifiii, h'roiit the* ittollmd of formation, a lacdono 
liiia roiiiaiiis iiitltrokoit in this niolocuh* of plamcdphthaJm'n, 
and liii> was MippoMOi! lo ho the* oaiiso of the? <lov(*lopmoiit. 
of color ill all fho various pliiliaJoiiiH lo he* d«‘scrihc*cL 

As fill* siilistaiin* itsidf Ims no redor at all and only dc?vo!of ih 
its l•!iara^^f*ri^4if• rod rolor on addiii|»; an alkali to form a Halt^ 
ami a.*‘ the laf‘tfifio rina is now ropirdod an hrokoii wlion tin? 
ah ol ifi*' liltUalifo is foriiimh tin* rinji: formation can no lonx^*!’ 
tio ncaioli'd iho potoiifial Miiirco of coleir peissilhlitios. 

U hat i Mjppoasl Iff iiiko place when, for e*\ample% tin* 
ifdiujo - all of 14i«n}oi|ilit!ialoiii is formed may la? n'prosemhMt 
a ' loPfCA : 


HoV 


/'• 


a’'- / 

'C- 


O H 


O 

I 

yCO 


+ Ha.OH 


+ NaOK 




\ 




+ SH^O 


-00.0»* 


telta “M 







ViKM.TMl DVKS 


2.12 

As alkali sail is fariii<*«l, I hi* hiflina* riii’i i'* an*! a 

ataiu is !t»st fr*aii a plH*ia4 aataAim ;t n* 

arnui^«*iiii*iit of valf*iit*r for lliut filionol ro.4*ltio into a i|0ii4oiif* 

llic** inliiiiilfo f*oiiiii*f‘fiolt Itoimi'iii fho |ifiliiitl»iits aiol flio 
t riplicniyliiiPtliuiH* roiii|HOiit«ls is l•v^l|tii! liuiii ilii- f:p'f 
hv I hi* a«*l ion of iiaM'iiil !t\iirfoj«ii, llii* |»!if lialinii- on* 

!o plillutliiis, uliisii aro 4i‘riuitii'f*H nf f 

Diiriiili: this roiliirtioii tin* koioiio rhm i-* t^roloai witli tii«' foi 

iiialioii of a f‘arbo\}l |ir*>ii|i, 

.Hilll|ilf*s! l*\Mlli|i|f* of Slit'll II rO«ll|ofioll is s||f»|||| |#v 

tlio siin|flosf |t!ilii:tliiii. railoii |ilif Ii4lo|ilit*iioi4f* If I i* / 
flic* two liyi!ro\y!s of filiiiiolplitiiiilojii, oiliormiso it siinilurly 

>0 + 2H r.: 

\ 00 "^00* OH 

it'ii 

Wlioii fho liittor roiii|ioiiii«l is miiflrii in flu* fiillwii’iiig fiiriii 

Ilif* is Hi iiiiro 

yO»*H, 

XOriHiOO^OH 

Tfipiitfiflwfifcifi* csflwiiftk mu € 

Tliili Hiilist.iiiii'i* lipH^h C0;i tyv «iry 4isiil!iiiiitii mpi is r|iiiii||w| 
into trifilikiiyliiiotiiiiiH* CHlC#,II',yi» 

1lii» Innnfoifitatioii of Iiilii N'i|4it 

iilroinly siioiiit, an*! iioiv iaifiioi info m4||o- 

till* Ilf faiiifiorlinii laimrofi this itlitIsiAf'iiO' ati-l 

tri|#lif*fi>liiiotlinws Hiii- laf?oi rf»|j\'#-r‘hm ii ph’ ir, 

first, froafiiif }4i!h;i!fi|#hf‘ii«iin mih 4ihif«‘ iiitih* ;pi4„ thimh 
iiitrndiiros tiio iiiln# iiifo iho inoforidta foruiin/ dinhiii' 

{ilitliitloiilioiioiio. By it*4n*lioii, But iiitro air t liair//s| 


'nil. i'\ HO.NlM'iS 



Ili*n nrn :;#» 

1*^;;:^ ■ V,/ n jf' 

I » i' t •' ' n i ^ H 

I fh? ^^. 


n\ «ii:i/<ii i/iii|.,^ itriiiuo ^roupH and 

! h;drii\)l fTniifi.N iHa-onn* fixcal wlicrc* 
fjitf*ri»fi jiiifl fill* product i.s phcuiol* 


PhBJM.ljihthiikfiti i«7ii Mr.iiiH in H,,- f„nii of yellow 

' ■ ’ ' ‘ ''.‘•ei.j iii.ftiier, wliirli will itol, (liHHoIv(i in 

’’ ^ ‘ o.erilMT Ihe Mili.l white phtiinlic 

' ' ' ’ -iiii.i r',(iiiiihr oci.l iit nioleenliii- projior- 

’ ' '■ ’ ■ •*<;<(.i.ii Ml iHtieeiitraleil ;.illl|ihline Jieid 

i ' < . I t .!< I he «aOT lurnil‘'l. 


CO 

Cll, O I 2 C.KOH 

CO I'JifJi..! 

pi ^n»ii 

III'?# 



‘ to 'ah ion fci wliicli 

‘iPuiini lijivi* lici'ii iiddf*f|, itii hi- 
I I.fiii fiii* orliiifi df’pciidM ifn ti.HtMW 
*' • ‘ ;4?..4h, i . \:»4 .MfiiHVIi lillOV(% lilt! 

‘i o ' I ^ 'I-,, olloili fmtl ii4 ffiniird wliicli 

^ \i| .* Ilf iilkitli ciitiwtH 

^ **d o• iit iiniiiititntivc 

Plummanm myi , llmmm , i ;i du^ whiMt in flic furm 

*' " ^ ^ 4 . pifiC/i flihil hi if * a<|iii*tiUit j'iolii- 

"4ah /C' .» /'■ t ’ a u *, r oSfsf'Ai'i*. IhifUi 

I fC ‘tpudofi i vfu\ fUcut, otic jiiirt 

^ /i . * i;. Pct'Cr dfiiifo 4 i*iicc III Hi ittil- 

a * ^ ''* ■' i uou ' I04‘ hi* ciilotcrl for II tiiiiif 

* * 4 '..c I I f hr Mro of rivcru flifii iiris 

I ' ‘ . C'f ' *5, 4, drtt'iiiiifi#*ii Irr fhiir coloring 

i^ai I" "fr Us - 4t licro |fi#co4i fliiii un iiiii|i»f« 

o o i c, # . ’iic iPiiiiilii* jiiid II I iiijill 

‘ ^ hi if h ^ok - iii!o fail.*'* ( oioititirf*, 

i f * >• la 'i 4 04 ffiuUiiiu |||i»lci*i||jir pro- 

f ^ • C , i *, I.h Iiid CiilirOHPf, to 

.'oci )i. ^ h i*ii»c|i oli uini flic imiufi tli« 




(•OAI/FAn UVI-S 


iiii*ll in |i}ilvi'i'i/.ril ;i!}»l if 

for Iho iii.Hiiufaftun* (jf I hi* otrsiiii*,-. 

'riici foniiHlioii o*f f!iiorc¥rf‘iiif* iiiuy if** ilr=i 


/CO 

CriH/ 

\qq/ 

Phthallc anhydride 


>° 


+ 20.,H,(0H|, 


j rw»fi Iftn 


/ 




,/ 


o 

\ i 

CO 

FltiortMififiii 


O 

O^MaOW 


+ 2K^,0 


The* fltifira^roifip :i brmrii jiiiivdor iv!ih*!i mil! lint iii’>^ri!vf^ 
in \vntc*r Init ilori fiinHftlvn in iih’itliifL < hi 
ciniin Id iiii nlkaliim HdiifiDii it and l^inii' th*' 

wilt niilr*ii liriiiiiiiiy riiiti it tlii^ t'iiiii|iiiiiini j 

Ko iiilriiH*ly fliiDrniiiiit in <li!iitf* Ill ii iwiH*n 

tnif 4 *il wiliiliiHi if lifit ^iiinv 

Uramne. Ah ttm wilt of iJn* lltiorf^-roiin* or liriiiiiip* 
fornifd^ till*, Iiirtoio! riiiK In fmikoti uinl i riiirfaiiyr 

itiinii proilumi ^vhirli In Fhimii in fin- lii’himi 


0iiH4=0 

/°\ )® 

On^iC VH,-OHa 

■^■'000111 







linoiiiio II ill fh'oiiiy vrlhim’ iiiioii dll* ind 

to KfMtio o\ff*iii ili lirififiii;': iifinii 

A yollow iiriiifiititfi* i' thiiimti doirii from ;iti 
i»ioIilliiifi of t!io liro l»y mid, pin-d** 

ilto color iiiid ciitiiiw it HO n thirlmr gfr«''ii 

fliioroMeoiiri*. 
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Uranine forms insoluble lakes with lead and silver which, 
from being non-poisonous, may be used for coloring toys and 
rubber. 

Eosine (1874), (Eosine Yellowish, Eosine G.G.F., Eosine G., 
Eosine extra, Eosine A., Eosine D.H.). Fluoresceine is 
capable of yielding one of the most brilliantly beautiful dyes 
by further modification. It was discovered by lieinrich 
Caro in 1S71 that bromine would be absorbed by fluores¬ 
ceine, which thereby became transformed into a beautiful 
red dye. To this dye he gave the name of Eosine (Eos, 
flush of dawn), because of its beauty and brilliant effect 
when dyed upon silk. 

The measure of appreciation bestowed upon the new (iolor 
is shown by the initial price of $100 per pound which it 
commanded. This did not prevent its immediate ’use for 
dyeing silk. It- stimulated, at the same time, the production 
of a whole series of dyestuffs. All of them are of exceeding 
beauty, though unfortunately more or less fugitive in char¬ 
acter. It appears in the market as reddish l)lue crystals or 
a brownish rod powder soluble in water with a bluish red 
color. A green fluorescence is exhibited ])y tlic dilute 
solution. I 

It is prepared l)y treating fluoresceine in either alcohol or 
water with bromine when four atoms of bromine become 
fixed in the molecule, two in each resorcine nucleus. The 
pure potassium salt crystallizes with six molecules of water 
with the formula, C 2 oHf 3 Br 405 K 26 H 20 , and has the fol¬ 
lowing structure: 




Bri 


V\o/V 


Br 


6H2O 


-00.OK 


Eosine 









CoAL-TAIt !)V 1 ;H 


25il 


S‘! Ill « 1 I IIL tH } .mh|\K 

In tlin innlfH'iiln uf tbin’i* am ilirnn litiiziitf* riiijj. , 

nna. ftiriushc‘cl [jy tin* phtbalii* aiihyiIri«if% tin? uflna’’ lwi> 

Ihn n*.soriinc* rr.sidiHnH. ^flip liy<ir«j\yl hr* in fin* 

n‘.son'inn |Hn1iun.s of thn ciyo iiioliMnili* Itoran^i* tlioy 
in l!in rt^Honn'nn a! llin Htiirf; Inif. lliiir jno-ifion in rifinriin* 
ibn ninlliunn cnrlHni nniiaiiiH io l«" liiitn'iiiiiifni: iliiii, alrfi, 
fbo po.-iiion tbn b»ur broiiiiite aioiiir —wlnniifn' fboy onip-f 
tbo rnsorrinn or plil Intlif* m’id or jiri‘iil»iiiri| in Imfli 

'rbi‘ fir.sf. nlop in llii.s .^olnfiiiii wa‘*» I akin Uj ivln'ii 

bn fll•t'oln|»OM*ri fin* liiolof'iiln ivilb Imiliii^ 

'ffii,-* prodiinnd a Miii.slniit’o wboi-a* faniipinn'tion aii»l rfiii.?4ifii 
lion worn ulrnndy kinnvii. HiiH iia>^ 4il#iiiiiio 

4io\>'!»niizoyl linii/.oI«‘ ai-i<l of tlm I'ollinviiiy iliitioii: 

.O0OH 

Oiliftiffitt illciifliffOMfI mM 

UfO ooaiiin inob*i'iiIf‘ ill ortlei* to |♦ro^Il|^a« tliia nniat* Inn’o 
hrokf*ii nloii*» I In* i lot! mi liiif‘ of I bn foi’iinila briow: 



Xmv flio by4ro\yl nii#i lionniof* ntoin- ivJI! rninin iii firb 
Ilf it! l‘oriiii*»l fli«» tuiiii* iliny in ifio oiinim’' 

iiioimnilm By tbi^ oh* iif inifiinr! 'Oilpbniin «io 

roiii|iiof*il tiiif Waformn^ 'a«|faoit«»4 niol u 

ii«thrni|iiiiioiii* wiih foriiifaj. Tin* fioAtwiiihof i||o ln'4io>*U- 
iiikI hroiiiini* nfoiim in no' ivoll nioi ilio 

only jioMble lootlifnl of it.'- foriinitinii f*i Inr a- follom-. 








Till; 

TVlloXIXl'IS 


Br 

Br 

00 OH 

H y OH 
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!ii flii- HiiliMf thf* po,Mif iaii.i of lha hyilroxyls 

jno :iip l.iiiittii, ij\. l!ic» two hytlroxyLs cnmupy (he* 

|*f* ;iioii- ill rrtVnnin* to iho nirhon atom 
iIjo oorrf*M|ifniclin|r moia |Hj.sitions 

1 *'?.! * - . ? hf lo'o|;ii|jt* i, 

II’. I HtiJo!/ li;i'. !ii‘f»fi [irfivod til rf»gnr<I to l!it» Iiydroxyln 

Mi'i i 'Ml, iis*‘ lif thf itflior ii‘ .(sfrifii* rndioiil whir^li wan 

10 fli<’ lioiliii^ rjuiaiic* Modn, «^t’ thoili- 

fii«»*/)'I 'iM .ho? 4 /ii\I 

0^. a ,i«if^|i* liriitiiiiif o:\|}oriiiifait han proveni 

toliiM ra*iii%'i! Iiiih- I In* hiiiih* I'oanf if ut ion 

*!' '' it»’ Jo**l!i**i fiiiro liiliriifiio dio\yhoiixoyl b<*ri/.oi(' 
:o;-i filitiiali** aiiliyflridi* iiinl ooMifio. 11 h* Ilfo¬ 
rd*’ till'.' I»f*aiififiil mii’lioii fttity ho noon from 
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Hi is I IfiiHHi.Ht ra! loll f'li*:irs ii|» flu* t|iii*:v| iuii uf i lif | hi,- it ifiin ♦! all 
fciiir !i\s|ru\yls iiriil all t’uiir I: iia'i*iaiifa!!} yiis* lu - 
th«* position of flic* !i\drox) I.-’, in ibo liit^liTiilo nf iIsmo* rfnii*. 

lli(* c*ntniiif*o of !!i«‘ four liroiuino loi^ tlo* i-lfVii is 

I'haniun^^ flio\allow cif fliioroMnudio tii iho piiilAAi ii*d of isoAos 
Ixosiiio ilis>olvos in 2 or II part- of' wnlor. iu-iiluAlf 

floi’ks aridoniiinl hy li\ tlroolilorif Tliio*i>loi fjonoiit'--»lar 

on aildinii ranslir so«l:t .'in*l n \oIIoh i'Ai I’oA |»ru*|iiii .lU 

Wool afi«l silk :tro dyod n piiiki-li ifs| fiitin 4 ui-.ilJ’, :*.» jA 
bntli: silk oxfiikits n \f*ilo\\i.-li foil lluoii* I* ; ;«j 

ployod tor roforiinr pap«*J‘aiifl \‘;i i id k#* . loino's s'.1, * mo 

i"- proiliiroil h\ lisiip? a rolmoil Ioij* of i|o *i^ ♦* sJ jj lU A m 
ll roiiilliiifn witli o\ii|f*-, lofioiii*’in oAikif'm !. A,A;. .Mt.iOl- 
Inkos, llioy ifin)* l*o pri'jiafoil ly :h| mimIimi,' 

of lilt* iiiolnlIi«’ suits iiilli i*ir iiio, nAasi Us* itii/ln iMloroA 1 u 
itrn ihrowfi ilottu. If nlookfil n* ifo* 

it<|iif*oiis soliif ion of laouiio, if llono* si la-t* 1 Ao'o-./ rA. 

Easina Orange and Knsine jG. sh" fnixtao* m uiAoso mimI 
Infniiiroiii lliiorosfanin*. 

Erythrosina (1876fErytlirosine B., Krpknmim IK, Pyroxiii 
B., Rose B., Siiliibli Priiiiroha, Kosine J., Kitsiiie llliiisli, 

lodoeosine, Dianthin© B.|| i' itiAino AmiwAo-r* i,i 
I'fiiiin If roiifiiiiir4 four ntofu- til imiini' iii pkos of om-t 

liriifiiiiir! iifoiiis of oiisiiiin 

Tim liintliiMi of pioj#sf;ifi«iii tin* , niiii* ns Iht rn ifj\ iaA|y» 
io<iiiii* ill jilifon of looifiiinn lA;o inoi hoiifoii** sAou i»n 
ofilorifiif, fliiiirf»''nrifir t'knnro if xiAIhh # n!oi lo jonl . h 
roil Ilf noiinn 4ini ivlirii tk#* lout ioAn.r mi* \ 

r}iiifi|ii*4 111 n bloiAi ii**!, 1 lio An^^so• fti An* 'oAioio 
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I1i<‘ IKif>:ilt i> n acanitu^nlal form of t-lic^ (ly<a 
llii* iiu‘4iity i'. :i hrowii |io\v<l<‘r, wliirli itujKirlrt u c‘hc‘rry 

ft*»l nlor tfi ii^-s Miliitflirt ill wafor. lire* .sdlutioii failn t.o nhow 

aii\ 

\ hifiwiiili ullfHV |iri*c*i|iitiitr* on a<l<l!n^ liy<li’ 0 ('hlori{* 
at'iil. \ '-ii!iili!i» rod |irf»ri|iit at«* <Hi addiri^^ Hodn. 

Who! ami f-oifoii ibat Imvo nmnlaiitod with alum a,ro dycal 
:i ri*d, l%r\ t !iro'-liii* In aho unod in munofaal in*o 

ami ill |4iof 

Emmt B.N. 11H754 Methyl Eosine, Safrosiiie, Eosine 
Scarlet B,, Ecisinc Scarlet J., JJ,, or V., BXisine D.H.V., 
Ecisiiie Scarlet B.B. extra, 1.3 a !luofo.->^cc*iiH* derivatives wlileh 

liolli briiiiiiiii* and nilro‘rroll| ih. 
laiilifT file liiliioiii fliiorf.-4riiiio may be* nitrated in jui lUfueouH 
miinliiiii or the iliiiitroliiionofeifio may lie bromiiiiitesd in an 
nJMilittlif -'viiliitinii. Tin* ini* |}rofliiel is tlie Manns in either 

ra^e and tiie |foia '*'--10111 .oili of ilie (aifn|Hmn<i im ahowti bilovv: 



Alfcjil wit nl litwriictiftt 

The i>*. II liromii eryMiiilliitf* |niw<ler wlufli clissolveH 

eiidly ill iiif!i n leilowiMh red eoliir* If the Holntion w 

iiijiiii* tiiliiity it miiibii’mi iiejih yreen fiiioreMeeiiem 

HiwiiiMli I'elliim" IhirkM Me|«iriite froili the «olntioii when 
li>iirifilil«irie iiriij i« iniiled, Xo rlntiige oreiir« with eiiiwtie 
Millie 

»siJh liiei woo! afit a bliiidi red, of a i^iotniiwliiii 
ilaiher dmde finiii with eryfliroMiiie. Tliin U fiior© miiiiibhi 
fur wfiif! ifiaii for Milk* Ttn* eolor k fimliir to atid milling 
lliiiti tilt* ifoyorily of t!it 
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2nu 

Ifi c'oinpari.'-ofi wifli fosiiH*, wlii^ii a llt>iirf»>rf‘;ia‘ fNiiiMin- 
iiig ftHir iH’uiiiinp alaiii-, ilii> i!\f »litlVr> in huvhn* rwMni fin^ 
f<mr broiiiiiias rf*|»L‘iftM! |}\ u\i» iiilifi *'rfai|i'- aiai » 

fVcHii this i‘\rh;iii”f* u darkniiiiaa tla* an %r‘l| a- sriMti-'i’ 

fast firss. 

Pliloxine I 1 B 75 A iPhloxine New PiiikA 

ac^iiipoijinl of auaima hut i!ii* f'liloih o |iioo'fii m fli-n |a’iii of 
Mil* iiiolorulo ili*rivi*i| irifiii fin* filitlialir n-oil in ii - iiiiiioi 
faatiiri*. in iiojio of llio of llii'* i*la-- !ai iia- 

any lini»n*oii .*i|i|)i*:iroii in flu* l♦^»!l/lnio linn of thr 

aii«l roll:*.! if i|i»fi! of’ llif 

Ifl filiioxifii*. Iiiiwin'1‘1, IWii r'liioiilir MtofJi-^ aio fiao4 jii ilio 

fihtlialir ai‘i«! liiii'lon *. Itio i'IiImImO* ;uo a.So 

tilia iiioliTiilo l»\ II jfin ihi’hlor|*iiMiiili*’ a* ih ih n->>i «»: y.aio 
pliflialif* aoifl, iiinl «liiii thi i lyohoA nitb o* ino as a oa lbs 
fliic»rf‘Hrf*itii» I'osiilfn lly llio ariion of Isonraa* ai.oi; Msi 
llitfi*r proiiiH't. four hioliiifio an*ia< ya-a iu Ma- .aaaiia 

of flit* roHori’ifi j*oi!ioii of uioloi'shs yoni iaiu al^ 

of t ills fortiis I In* plihiafiio oi * oiaisii'i ra* 

llii* slriifiiiriii iornniia -hott' Mii* oAit * i**! jMoii' m| Ma* 
brofiiiiio iiinl rlilonin* .iioiia: 






Th^ flwstuff is n Iirfimiisli ynllrim* 

llt|i|f»fiiis siiililioll lllis fi rlirrry naf ||l«fi II 

gjtfifiiiHlt y<*l!i»%i* fiiPiro.iirftKas r'lion msirifiiiii: flit* mimlmm 
liyi.lroi‘iiii#iif* ariil n liri#i%iiiali ri^inic i# tlirriwii 

down. C'liiistio Mcifiii tiinw tlii* Miliitimi in », timm* Iiliii4i re«I. 
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Wool or silk is dyed from an acid bath a bluish red^ without 
exhibiting any fluorescence, and the shade is bluer than that* 
from erythrcsine. 

Cotton may be dyed, after first mordanting it with tin, 
lead, or aluminum salts. 

Phloxine T.A. (1882). In the previous dye, phloxine, just 
described, two chlorine atoms are implanted in the phthalic^ 
acid nucleus of the molecule. By employing tetrachlor phthalH- 
acid in place of dichlor phthalic acid, and combining this with 
resorcine a tetrachlor fiuoresceine is produced with four chlorinc’J 
atoms in the phthalic acid residue. When this compound 
is treated with bromine in alcoholic solution, four broiriino 
atoms become fixed in the resorcine nuclei and the produ<d. 
is Phloxine T.A., which appears below as the sodium salt of 
commerce: 


55 95 /OK 


Br 




Br 


Cl, 


CH 


/\ 


Cl 

Phloxine T.A. 


I— GO. OK 


01 


It will be noticed that this dye differs from phloxine in com¬ 
position only by the two additional chlorine atoms. ThcHO 
have an influence in deepening the bluish shade of the red dye. 

Phloxine T.A. has the appearance of brick red powder 
which dissolves in water with a bluish red color, and a Blight 
dark green fluorescence. On the addition of hydrochloric 
acid decoloration takes place and a reddish flocculent pre¬ 
cipitate appears. Caustic soda produces no change. 

Rose Bengal (1875), (Rose Bengal N., Rose Bengal A.T., 
Rose Bengal G.), is a brilliant bluish red dye which is a direct 
derivative of dichlorfluoresceine. It is made from this Biib- 
stance by treating it with iodine, when four atoms of iodine 




li\inl iu tljf‘ nuphn <*f {In* |jii#|i‘ 

rule*. two chlnfiiip atoms aro fi\i*f! in ilii* |i|ii!i«i!io 

nuck‘us. potas>iuiii salt lias flit* loI!in\sfriiftiin*: 



Mi$%P lltftf«| 


It foniiH It iliirk rial [lowilfr, soliilili* in maitor n rlifTrr 
real rolor. Xo fliioroM'iiirr is vi>iif!i*, \ iinrwii |iiori|iifafi* 
Win oil itfliliii^c liytlriH'lilorir mi*l. I ir^j sfiliiliii# 

{irnri|iitlttf* In caillHai hv riiiisfir* sania. 

Wool is ilyial ii lilnisli roil ivjilnuif iii« unv ffinirrM- 

eriil ofiViis, 

Cycltmine 118891 . soiliaii} .aipfikk* § tti m « 

lifioii liii'hlor fiiiorosaiiiiin tiio 1 iiafi;:*- ivk ft an 

cixygiii fitoiii. It is sii|i|iii,faj ilia! tin* *is* joining ffn* 
rmorclnp m tlio ono is la flu* ,iii|4iiii. 

Whmi fliin }imiliii't m fnaitoii n'itfi inur iiinimir 

fitoiiiM himmus iittiinliiai fo liif^ n-oiiaint* uu4 rpimiiw* 

i« fanned: 



Cfeliialat 
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III «*yclnriiirH‘ has a nisanilina nsl voUn' 

uitiifiiit slicn\in^ fl!iorc‘scs*iira. A nshlish prc*- 

f’ipi!af<* fuiiiiH wilh hydroclilorir acid. Xo f*haii|'’t‘ followH 
thi* :iil<!ifiuii «)f r^austii* suda, 

Who! aiid silk arc dv<’<l a, Iduisli red cchir fnaii a laaitral 

liatii. 


Tiik RricHa\.\nxi'iH 

f he pyrciiiiiia dyes clisciiSHcd to this laadit. havc^ hcaai acid 
ill rhanirlcr on acaaiiint. of flu* c'lirboxyl grouf) vvhicdi each 
I'fiitiiiiiiH aiifh furl tier, bisaaiist* of the phenolic* hydroxyl i^roup 
also prcscaif. Tlic foriitia* Ls hroui^ht info the rnohaodar 
by the pliilialir iirdivdridc* and thf‘ liy the 

rf‘Sf»rriii i»riipioyi»ii in fliidr iiiaiiiifacture. 

if ill till* final prudiicl. I lie* pticiiolic hydroxylm an* rc*placf*d 
by iiiiiiiio griiiips or by siibstit iite<| amino i^nnips, then th(*re 
if*** II riiiifici* ifi I ho five iiiolf»ciile from an acid to a lawie, char- 
aiiia'. These fives therefore form mitn with acids. 

Tite rhinhiimmm are c<awef|i,ieiitly hmlv pyrnninen. Fh(»nolH 
iilri’ipiy ronfiiiiiiiiK iiiiiino groups are employed in their 
|»ir|iiiniiiiiii mill cniiiiiiiitiicjite a hasie character to ihet rheo 
of mdiirli ifiey liecome ii constituent part. 

Ihcaiamiat B. ( 1887 ), (Hhodamin® 0 .)t difTero from the* 
dye-H of this cliws by contiiiiiing iimitio grmipH. 
Tiassi* f'ltiiiiiiniiiciite n Imslc cltitriicter Miiffioient to ciiitHe it 
If* five rill I oil iiiorflaiitei! mdth tmiiiiiii. 

The Iiiniiifi gpeiifM lire presiait in the iiieiamino|>hiiiiol» 
wfikdi are ettfislif iieiits cif ttie iiielt: 


om 

MmmumrnphMnrni 

The liieiiiyi iieri%nl ive- 
iisiiiiliy eiii|iloyeiL 
iitilyViliidii iiiifi riMiilaiiiiiifi 


OH 

n 

yyK{ 0 .(H „)2 

af iiifUiirriiiiopIteriol is the crmi- 
Tliis m tiieltiai with plittiiilic 
li iwiilis. It exeeefk in bril- 
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liiUlcy tli(* splc'inlid TIm' liyilriM'!t!i>riiif ;il; h1 Hu- 

(C,.H,y 

01 

\/\c^\y' 

/CO.OH 

Rlic«li«iifip II, 

Rhodamine B. iiMyU {Rhcicfumine O.^i h 

evf*fi loon* hrilliiiiilly ifiil fli.'tii tii^ t'n nir-, it i 

c*Ifw«*ly to thfiii ;tiiil iipiftiif lo tin* ^.4111*^ * Lr- , , 

plitliiiliiiiH. Ah fill* iijiitii* it m 

thf* ftjriii <)f ail nmitm iiroiifi, la flii'' faiff 

frotii tlii* iitiil fit till'.. fliifVii‘ia'1* iiin-I h*' iltf-u 

graiitf’r brilliiiiiri*. 

Till* til till* iiiiiififi riiiiifi ithr )m up m!I an hi »* 

arid ilvf* Htiffirioiil liardf* «'li:ira<i«a' to »m i i-- A lo ndii 

rottiiii iiiardaiitad witli liiiiiiir iiriiL 
Thf» liiiiiiii* nri* not iiii|iL4iiiod in 4 I’lin*" nlo 

cif li dyt% but ffif*y iiro lilri^adi’ ii\od in r;p li «#f Um 
of oiii* of till* riiii.Hlitiifiif> of f!if» d**o. 1lib- o- 

0 » 

Thin milwtilflfo iiiiiy In* a floif 

ntfirtn with iiiolfwiilfiliitiiilio mlirb i- .fii 

with itn wt*igfif of ‘4ido nad ii '^iimil utpuun^ 

of wiitor. Aftor tiso inoli in iiiior, it. i*- ot id 

mill Hiiiliniii piifhmtnU* m aihioiL 

Kllior m to oxtriirl flit* Holiitinii, |.tiifi iifii*r liit* tmivrui 
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in di>!illi*il (»ff, till* rrudi* prodm^i Ls purifiinl by rec'ryjst.idli/.ing 

friiiii \v:if«*r. 

H\' a dialhyhiiatasiilphiuulir uidd for th(* abovi^ 

fiidoii with Hoda, a dirlliylinotjuidniophonol result h. 


OH 

/\ 




If i^ Mibstaiiro wldrh on !mln^ with fdiihalir. acnd 

protliiroH rlioiliiiidiio !i. 


Cl 


f C.H;, bXX ^2 Hf, )2 



00 . OH 


Ifcf^twiM 8. 

Ilii-H ii)o Ilf oiirf* tlii* iitleiiiifiti of fliciiniHtH by iin 

briliiiiiif'i* aiid otliiT liud Htittiuliitoci nriivity in ihirt 

fii*|»l of f’filnr rliriiii^iry wliirli liiid liiiti cloriitafii for sovoriil 
\ nm, 

it m*i*irfifiif»il liy dyori^, for it, luiiibloci 

lit ‘‘■i^nirr liiiiidMtiiio nma rnil mImhIom upon roitoii mor- 
iliiiilwl ivitli tiiiiiiiii. ll« bii.Hio eliiiriirtor ii this 

Herriofori*, ivitli tJio iioiil oii-i^ifios, ii %vm nmmmiry to 
lirvoliifi iiii fill* f'fillfiii ftio lend liiko of orythrosinco 

Afli*rwiirii it mmn foiitpl In Im ii vmiiiitblo clyci for wool liiiil 

.wik, 

11ir» iiyr ii|ijii*iirf^ it violi.it powilitr or m grtiaii 

Iff iiiiitdi art* .Holiibk? in witter mdtli ii blttwli riid 
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i'uMTMt DYES 


it jil.sc) di.'^>oIvf*^ f‘:i>ily in lilf'nliol, ;ijid diln'p 

solutinnH in fliin ,'-^(ilvi*iif mliibii flinni'v, ,,|js *._ W.iin. 

iiig raii.Hn.s thi* In i|iKi|»|ifMf, lnii it ;j- 

tlH‘ liquid auuLs. 

Hyiirocddorir arid in Miia!! aiuniiut.^ a lU'adaal ■'t’ffiiia 

tiun of tlir c'ry.stal:- i)f ihr }i> «!ri»i'lili»i }d*% iiiiifli liVilnti liiunr 

arifl tiini,^ I hr >rari<U. 

C huh! ir >‘udii in Hiiuill ii«* m f||»< .Hid 

Holutioiy but II roM* rf*d iif»rri|!r|if larMfUtat*' 'h:'| laf a1 H ■ HII 

wnniliug. Laiyrr iiiiiiuiiitH i»f ray^ir ii,H 

tiou «)f rrd flnrka rvrii IViUii a taihi inii, un iiriiiiin;- ila* 

imIoi* uf diliirf liyh'iiiiliiif* izWi*ii nil, 

d’lu* dyriiigH nf rlioduiidiit* H. air ;d <> i- y-rir#-i ar 

{mlUVHH. 

Rhodamme 3B* iiSqii, i «*i 4 bin*. d,.H 5 

rrd tliitii rfiDihtiiiiiir II., and ihr r;,a i nf a hi 

in till* rrd dvr E Id bi* aftribiitrd !«» .ui ,-Hay vrrfi 

furiiiH nil rtlirrriil aidl rr r4ri mlfh ib#* f-aibna d riHay rb 

ilfiliiilir li 

I hi* dyt* itifiV fir jirrjiiirrii by tfratiiiy fiiM*iff4ijiia || a,|i|i 
iilrifliiil ftiid I'fUidiirtiiir dry liydri»rli!iiiit’ iif bf iliifiindi tin* 
Huiufioti. A itifilrniif* id iviitrr tlmEUy rliiinnaird and tin. 
rtJiyl gnnij) w iiiiilni li# ihr tairluivyl rriiii|i na dumii ht 4 im: 


01 

. y»lC « y 
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HyrotiiimiiiiK (Iiik <151. HUh Rh«damia« B, ii will I..* iiiji ir'rij 

(hiU Ihf I'liiyl i»((j»l;u»!i*.| m ,|y*» %%•«* ij,|. 
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fifth, but that on replacing the hydrogen of the carboxyl group 
an ester is formed. We should thus expect that the acid 
character of the carboxyl group would be overcome, and that 
the basic character would at the same time be emphasized, 
and this is in fact what actually occurs. 

The dyestuff forms a brownish red powder with a bronze 
lustre. Its aqueous solution shows a violet red color, with 
brownish red fluorescence when considerably diluted. In 
alcohol it dissolves, yielding a red solution with a purplish red 
fluorescence. 

Hydrochloric acid turns the solution yellow, but on dilution 
it becomes red again. 

No change takes place by adding caustic soda to a cold 
solution of the dye, but on heating saponification of the ester 
occurs and the original base of rhodamine B. is regener¬ 
ated. 

Silk, wool, and cotton that has been mordanted with tannic 
acid and tartar emetic are dyed a bluish shade of red of a bluer 
cast than rhodamine B. 

Galleine (1871), (Alizarine Violet, Anthracene Violet), is a 

violet dye which appears in commerce as a voilet paste or as 
dark green crystalline powder of metallic lustre. 

It is formed when phthalic anhydride is heated with pyro- 
gallol C6H3(0H)3. Atmosphere oxidation produces a quinone 
formation with the complex molecule. 


OH 



Pyrogallol 


Pyrogallol may be made by heating gallic acid in an auto¬ 
clave to 200"-210°, or by heating gallic acid in glycerine in 
an open vessel at 190-200°, until no more carbonic acid is 
given off. 

By either method a theoretical yield is obtained. 
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Wlnii this arts iipiHi iJti: 

tak(*s plur<‘ as iolluws: 
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Phlh«tir 

atihydrid® 
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if4«^ 

Tlii‘ iiif*!l in iiiiilfsl witli ill- in Hi«liiiiit riirlMiiiati^ 

itiitl iiftCT fillniliitii is whi* ii iln^ rfih^i 

iiiiitfiT. 

Aiiiillii*r ffiiiiililiitiiifi iias 111*1*11 ti» it nn fAitim'n lirrr: 



CiiilhiiiP a itrii!. In ruhi wiitit it is f4ii:lit!v suhih'l**, 
litif it ilissfiivPh i*iisi!y in lif»? mfiirr fi ‘'ssiiift 

Pfiliir* 

Jt tlwHiilven ill n «tiitififiii iil ulliiili 
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tiful blue color. The ammoniacal solution is violet and it 
yields violet precipitates with metallic salts. Hydrochloric 
acid turns the aqueous solution yellowish brown. 

Galleine is a mordant dye and it is classed among the phthal- 
eins because of its mode of formation rather than for its 
properties. In these it shows greater resemblance to the 
alizarine dyes. While the phthaleins almost all exhibit 
some shade of red, the lake of galleine is violet. 

Its colored lakes possess a fastness far superior to the dye¬ 
ings of the rest of the phthaleins. 

Galleine produces upon wool mordanted with potassium 
bichromate and tartar emetic, dark shades of violet reputed 
for their beautiful bloom.Fast shades of violet are dyed 
upon mordanted cotton. Lead mordants yield a beautiful 
grayish violet. Galleine is employed in cotton printing, in 
connection with the acetate of aluminum or chromium. By 
steaming, acetic acid is set free and the aluminum or chro¬ 
mium lake is fixed upon the fabric. 

Though somewhat superseded as a dye, it is still extensively 
employed in the manufacture of coeruleine. 

Coeruleine (1871), (Alizarine Green, Anthracene Green), is 
like galleine and for the same reason classed among .the 
phthaleins, though like that dyestuff its properties recall 
those of the alizarine dyes. 

It is prepared from galleine by heating it to 200^ with con¬ 
centrated sulphuric acid. Twenty parts of acid to one of 
galleine are employed. The red color turns gradually to a 
brownish green. The cooled mixture on pouring into water 
throws down the dye as a bluish black powder which is washed 
and dried. 

Tliis powder by rubbing shows a metallic lustre. 

It is almost insoluble in water, alcohol or "ether; in glacial 
acetic acid it dissolves with a green color. The solution in 
concentrated sulphuric acid is olive green and that in hot 
aniline blue. 

The action of sulphuric acid in the above operation is 
to extract a molecule of water from the molecule of galleine. 
Thus, by this removal and an internal rearrangement of the 
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mcilecnile, a violai dya a ttfiO'-f rf}fii|»i 

lion in i^ivan: 



CJaltein® 


With w»iliiiiii hiMilfiltitf* fill* iiirtiliiii!#* I 

to funii II .Hfililhil* f*iilfi|Miillii| fii!li*«I s^,, mhrd i’. I'rr'ii'- 

l»y Iwiiiiiif if> iif la, 

fjf ariii.^ nr iilknli#*'.**, ' 1 % !i**ii i riv*a'i t,if 

rpoii till! fnriiiafiiiii (if Miliihjn i#k!|ifp|idn rfiiu|fiivii4 

ilH tiHi! in I’nlfiiii juinyiia, ‘fiii /ndinni 

lfiwil|>llit4t rCillljllHifii! nl r«l**ri|Inifia ^,%|l|i fha ar-rtidt* f^l 

nlufiiiriiliii nr rlirfiiiiiiiiii prijit«^4 ila* rpfiu 

Htimiiiirig the |»riiiti*il iiiiiferiai, flit* l<i ail|i|jiir M4ni|ifHiiid 4^ 
iieetif* iirii! Ih i*v«h«ai aiel liie alniniiniin «e f 
lake firmly iiflitrliei! in tla* filire. 

With file rliriiiiiiiiifi . dull iili%‘e iirr fin* 

dticetl mdiirli ef|liiil ill fiipfiirRN iilisfairiiie <*ij|iira. The etilnt 

in iilwi flint te lidiliiig wiiifi «ir fiiiinlii* jilluiliefa 

F#^(‘el!f*tit rr»i4iilt« lire ttiifi iiii 

( neriilaiiie iiiiiy l^.! iineii in r(iiijiiiirii«ii iritlt iili^itriiir r«i|iir*- 
te |ircitfiic*e a Iiirgif viiriely uf %‘ery fiml nliitili*fn 

Tifi; At III iliiuin 

The Ehodaminis differ fimu Jsi Eiisinii hi « 

lm«ie rtiiirieier iif the nimiin liny 

If, li<im*evei, llie iliwliijiiiiien jire milh ailplnite 

lieifi, filial the eiitriilire f*f /^>:||p|Mi iht- 

ittelecule IniiigH iliriii mU$ tlir rhi,a*. §4 ariil liyr.K^ fl*4* urid 
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character now predominates in spite of the amino groups still 
present. They lose their value for cotton when losing their 
basic property, which enabled them to combine with the 
tannic acid mordant upon the cotton fibre. 

They gain in value for wool and silk in their acquired acid 
properties and form fast dyes which equalize well during the 
dyeing operations. 

Fast Acid Violet B. (1888), (Violamine B.). When aniline 
acts uponfiuoresceine chloride, the aniline residues (CgHsNH—) 
become fixed in the positions which the hydroxyl groups did 
occupy. Thus the arnino groups of the aniline convert the 
fluoresceine into a rhodamine and furthermore into phenylated 
rhodaniine. 

The sulphonation of the diphenyl rhodamine thus formed 
produces the acid dye whose constitution appears' as follows: 

SO^Na 

Jl ^CO-OH 

\/ 

Fast acid violet B. 

Fast acid violet B. is a dark bluish violet powder which dis¬ 
solves easily in water with a violet color. It gives a reddish 
violet color to alcohol, though it is only slightly soluble in it. 

Hydrochloric acid causes blue flocks to separate, while 
sodium hydroxide causes no (diange save to turn the solution 
a cherry red color. The solution in strong sulphuric acid 
is first a reddish yellow, then on adding water violet, and 
finally blue flocks separate. 

Silk and wool are dyed a violet which resists fading and 
equalizes well. Upon silk weighted with tin salts it is a 
very fast shade. 

Fast Violet A. 2R. (1888), (Violamine R.),is almost identical 
with the last named dye, for it differs only in containing two 
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nH'thyl groups in ncMitiou to fast violut B. an* iiii- 

f)hinU*«l iii flu* niiiliHuilu l^y fuiipliniiig in plut’i* 

of anilin.!* to rf‘art with lliiori*M*fiiio rliioiiii**. llii' pHiff-.H 
is tin* snnH‘ Uh for flic i 1 \o aiul tlu* final i;- UraUii.^ 

witli suiphiirif* sifid lo form flu* sulpim of‘i«L II'U* 
suit of this sulplio uriil is tlio 

llio iitfliiorirc* of flu* two iitldilioiutl iiif*tli>! jO’oups i*- f«t 
a ro<t<icu* shadi* of violfi ; thoir po^iiifui iiui>' bo aoi'ii in liir 
formula. 

yO * 0 *, H | * 0 H.,| 

SO:|Na 

, ^COOH 

■' ./ 

fill tintel A 

Fust Violot A. 2H. is it %u(dol rod powrior iiliid'li o:i-ilv 
Hcdvocl iii iviifor with ii vioiot r«| rolnr. If i-.. iii altolad 

with tilt! siiiiii* rolor. 

Hyilrorfilorir iiriii liliiisti rod fliw'l.s fi» 'Hr|iiiiiiti% 

imt scifliiiiii liyilro:?^ifli» hiis no oflrri. Tfi«* mlmlmi lit ♦umiig 
Htilpliiirtr iti’iil is \oIlcii%i 4 i it**!; mt iiiliiiiii! iitifit. Ifiiii-^ 4 i rrd 
followtti liy II sofairitiiiiii of liliiisli 1*1*1! fltu l%s,, 

Hilk iiiifl woo! iiro iiyr*l 11 miilidi vmihL Tin* flyr f*t|i|iili 4 ia 4 
woll iiiid is hist III light itipi liiliiiiin. It y nfii iti 

ai'iiln itor to wiisliiiig. 

Acid Rosamine A. ifiulamint 0.1# 1* loioird 1 ^% 

fill! liolioii Ilf fsiosifliiio lijwifi fltoiiirraiiio Adiii** 

i« It iriiiiotfiyliiiiiliiii* wTio#* iiioih)! «io lanuipod as 

slicn%*ri holow: 

mm, 

H;, 0 |^ jCH, 

OH, 
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Two molecules of mesidine react with fluoresceine chloride 
and when the resulting product is sulphonated, the constitu¬ 
tion is: 


(CHHsCgH—NH s 

"1 

SOgNa 


\/\yNC6H2(OH3)3 




. J^^OOOH 

\J 

Acid rosamine A. 


Acid rosamine is a bright red powder whose aqueous solu¬ 
tion is yellowish red. Red flocks separate on adding hydro¬ 
chloric acid. Sodium hydroxide only turns it yellower. 

It dissolves in strong sulphuric acid with a brown color 
which changes to reddish brown as water is added; then red 
fio(‘ks separate. 

Silk and wool are dyed a lively rose color which does not 
easily fade. 

Fast Acid Blue R. (1889), (Violamine 3B.), is a more 
complex dye than the last described in two particulars. The 
fluoresceine chloride has two chlorine atoms in the phthalic 
acid ring and it is therefore a dichlor fluoresceine chloride. 
Upon this paraphenetidine is allowed to react and its con¬ 
stitution is shown below as an ethoxyaniline. 


NH 2 


0C2H5 

Paraphenetidine 

When two molecules of this substance have reacted with 
dichlor fluoresceine and the* product sulphonated, the dye 
then is formed by neutrali:^ation as a sodium salt: 
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(0yHr.0>0,.H,-NHs^ /®\/ ^»r- 0 ,,HrOC,.H;, 

SO.jNa 

' ,COOH 


/'A./' 


Cl 


\/ 


01 

Past ariil l)la# K. 

Fast arid liliH* !i. is a dark bliildi vinlii |iimsii*r. in 
it in PiiHily Hnliihli* with ii dark hlup rulur. In itli’iilini if i.a 
H li*rlilly snhibln willi llm sliatiis 

Bliii* fliirks Hf‘|iaraln h\ aiidiiii! liviliiM'lihirif* iP’i*!. 8*piiniii 
liydro\!tln rlianijns it In mliiidi nii hinitifir’' i«*4, 

lit Hiniii|£ siilfilitirir at’i<l it is lirAl ri*?F mlipdi itii addifinii *♦! 
Wiilnf liiritK rniidisli ttilli n srpuralifiii nl liiiin 

Tim liyn ivnll itipl silk aiid ii'fm! nn* dyis! n fiisi 


him* .Hlimlis 


mmrn. ■ ... 
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VUAVTKli XI 

I THE IIDAMINES, IlfDOPHENOLS, THIAZINES, OXAZINES 

f Till*: IsiKWtisKH 

J TifK iiubtiiiiiir^ iii’i* Htiiuii |4 till* <lyc‘HtufTH ktH)WU» for 

r ilff’y ttrri* fiiriiii’fl ill tlif <»\i(lntioii <‘X|H*riinfntH wluc'h wen* 

i- riirririi mif iijinii iiiiiliiii^ by Hiiiigi* mid Pc*rkinH nmre than 

[ ItJilf a frill Illy 

T!ii*\ iirr al! liliir tc» i4rri*ii in laihir mid would havn hcmi 
fiviiiliiliii* 11 ,^ wrru it licit for thnir HmiwtivimnHH tu thc^ 

arn*iii iff ;iri*ba Iiidfaak if mi of mml hr prortmil, thry 

I ATr liirrrfty ilitii ii f|iiiiioitr mid iiiiiinr.H, 

AltlioiiaJi thrii' tlicdr urn* an dyrn, thry 

\rf a fmici pnirtirii! an intrriiicalinir 

lit ilii* iiiiiiiiifjirtiirr of tlii» «ifniiiinri4. 

Tiir' ^diiipirHi tinifrriiih wltirli iimy In* 4mi|)loy«»d for form- 
i iiii/ III! iiiditfiiiiir iirr p-plmiyimmlmmim* mid iiiiiliiu! and tlio 

rrfailiifii? |irodiirt ii4 jiliriiylnit! liliii*. 





tHifliiinic roiiiovi* liyiiniicoii atortii frotii am* iiminci 

of itm mid from both tliii fwiiiiio 

l!roii}i Mini fill* Imtmmi* ring of tfir iiiiilitua A iinioii of tlio 
Ill'll rrfdtiiir^ i« tliiiM i^ffirntni wtiih* Itm liydrogim i» «i*|iiiriit4*d 
Tim fKtrf M of f ftr twai tiiolrriilofi invotwal forming tho 
f iiiobiiiaiioii Mm* in tin* ia|iiiitioii: 
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/\KHr h/\ 






NH H + 20 


N 


H-.N 




,*Am iiiiiniififr 


+ 2 H ;|0 


'NH 


'fo prcHl»c*r Ihin ilyi% i|ii;i!ilifii-f* «if ihr 

1w<f Hiilmfiiri» oxitli/.i'ii liy in n 

refill limit ml Htliiiiuit, 

By tin* bliii* i*f liir «iyi* inifi tlir mliili" 

rif till* linifo ! mill lliin im rilrrini i #3 tip* 

tiikinic up f»f .*1 liy4rii|n*ii ntinii Ity nit^li tif fin' iiii rtiiirii nfiifiip 
It lintilili* hfiiid. riiiiijifiiiiiii f^» iiir'iitif’iil 

with p-tliiiiiiifitiilijilimijlniiiiiP'. 



I^c© !**•# f*f phmfkm m 


By fiiifliitiiiii tm’ii liyiirngmn^ iirr rtnm^vml fiini ifir 

Fliriiylnlii* liltli* in itm lit ff»r riiijili»yiii«iit 

m u fly«% It in iiitriifiiirnil t«i lim* iitikliiif Ifigrilipr nf 

twd riiiip liy n iiitpipii at him, Ilia firwi Fti'if 

till* fnrtfiii!inn tif tlir i4afr}iiiiiir.H. 

Ill till* illiiiVf* raiirfiiill, fill* |a>|ilif*|iy!f*lir4irtlliifia iiiiiy Ip- 
by Piifli hm yirlil 

nilrimmliriirlliylniiiliiir niiil 
ari) c!Eiitii}ila«. 
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NO 



N(CH3)2 

Nitrosodimethyl- 

aniline 



Bindschedler^s Green. If in place of p-phenylenediamine, 
dimethylparaphenylenediamine and in place of aniline, dimethyl- 
aniline are used and the mixture subjected to oxidation, 
a green dye known as Bindschedler's green results instead of 
phenylene blue. In other words, the fixation of four methyl 
groups upon the amino and imido nitrogens of the phenylene 
blue changes the color to green. These requisite methyl 
groups are brought into the reaction by the employment of 
initial substances that are already enriched by methyl groups 
which the course of the reaction leaves undisturbed, 



Bindschedler's green dissolves in water with a beautiful 
green color. Alkalies change the color to a beautiful blue. 
If it is reduced, hydrogen is taken up in the same manner, 
as by phenylene blue, and tetramethyl diaminodiphenylamine 
is formed; the green color fades away with the formation of 
this leuco compound. 


(0H3)2N 


IN(CH3)2 


Tetramethyl-diaminodiplienylammc. 
Leuco-Bindschedler’s green 
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WlWs Toluylene Blue. uf a »if iliiiN'Rn |. 

ai!i! pfiHiiiff''- a i* ar 

ti«Hi juialoiruuH fu tlmt in turiniii!! fin* 

ToluvlciH* liliiv in ihii.H furiiiiai. 


/AnH;. 

( 4 \ch,, 

( 0 H:,),n 1 , ^ 

H^.nI /NH,. 


ft! 


«lyi‘h!iiH* liiiK till* fnllin\iii|!, i’«iiij|»ur4iioii: 


/\/\/\ 


<OH:,bN 


OH, 


\/ / /^nh 

H..N 

Tiitefifiii lilat 


HOI 


Tfiliiylniii* tfhii* in iliMliiiguyirsi friiin 
cliwrilM’il nl»i>vi* l>y ^rnifpr afiii»iiif\. llir 
with fiiii* iiiiiliH’iilr Ilf iiriii itri* liiiii’; furiiiiai ttiili iim 

liinlefillnH nf an* Ifriliirtiiiit if 

leiino iHmipimtul triaiiiiipitnl) l|i!ifiiv!aiiiinf\ 

sitiaiiirR t!ifafir*irai 

iiiijiiiriiiiiPi’ hnrnll^«• «if \iifii 

wiitrr ilifn n niiifimliiin niilipl iiiaifral ml, Tlir *4 

this will iiipirr tli*' liiilitpiiiir-- 

lit fi i^iiiiiLar iiiiiitiirr iiii itniaifiitir hiriiir*! Ii\ i 1 p *fii 4 a' 
iifili nf /i-}»hi*liylfiir<iiasiiiil»* hIpI #p 4 fflny|i'n« 11 ir 

ramiltiiig h- piifi|i!i*r ilipii \liftA Rhp' In 

flip two ifiPtfiyl 1%'liirli in that ii>r iii'li* 

fur thi* }iyi!riip*ii nf tlir iiiiiitm griiiiji. 
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1lii> iiiflai:iiiii‘ i*. of iiilnv.sf by siiitply boiling vvilli 

wator if i.H runi'i’i’f«*d into flu* ^nirhodiiny toliiyloin^ rod. 


NH 

\/ 'x/XcH-, 




0 + HOI 




NH. 


Tiiliiylcfif Wiii*. 
L«ucii biic 


(OH,),N 




yv/ 


leur fwi. 
Tlif dye 



IdiF, 

T!p« iiii!o|i}io!ifil«^ lt:ivi‘ both in .Htnioturo imd In tin* .nub- 
riii|iifiyril I’fif tlirir |irodiif‘tiofi ft fdo.HO roHcnnldimoo to 
t hi* » liidoi’d it |H»r<i^ibli* tf» ooiivort iiii indinnitn* 

li> flu* liiiifiii i>f |totiiH'Hiiiiii li)ilro\ido into iin inelojihonob 

m tlio ■Htnrliitg fioiitt in tin* forniii- 
liiiii Ilf fill' HI it In likowinr in tln^ iiiiinufnriiiro 

f#f tip* 

11if Jinj4f‘4 iiifiii|ilioiif4 i‘4 iirodiirt'd by tlin .Hiiniiltaiiooiw 
o’dilpinjii «4' ifnrnj#boii>lt*nf'diaiiiiito iiitcl |ilti*tniL If an iiininiy 
r,. if pidliiir lind bt'iii ill jiliifo of pliritol, iiii Indiindtio 

mould Irivo Iwofi foiiip iL 
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HH 0„H,—OH + 2HaO 

Jni8i»pheB»l 

Ai<'<(r»!isi}i to its* j*ro|>«Ttii*H the filni«’!uri‘ of tli«* indojihftiol 
hlioiilil !«• 4vritfi*»i n<* follows; 

/\/ V, 


a,;!l '“OftHi- 
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lliiH fc^niiuln, <*\liihifiii^r a <|iiiiiftin‘ tin* iimir 

from tin* fuci that this jiiht imi arsl 

prc»|H*rtii*.s whii'h it would In* r\|ii‘rti‘i| In -lioii it :i h 
|{n)Up Wi‘n* prusriif. lliis viaw i.^ fiirllii’r Mi|i|i»iitrd h*v ilis- 
that Ilia laiiru iiiflo|»li«*iioh lAriiii'tl lt\ flii^ of imn 

hydrogfui ntuuis flu* iliiiihla iIhi - rsfiihit 

waitk Head prupculias. d 1 iis tin* pri’sriifr uf a 

m hIiowii in ilia fnniiiila: 

p/h/ 

H;,N^ ' ''' ' OH 

L«iiri» «*r lfiil#i{#lirnw| wIuIb 

All iliHtitlira itf llir ilinai i I'air^^foriiiiitiini of an 
into nil iliclupliaitul is*^ltoUli hvllii’ iii'fioii uf |fiif 
upon liiiulHcdiiailiU’V graiii. ihiipilii laiiiiiia i:-* 

lit. tin* Mitiiia tiiiia. 


y. 0 i}H 4 W( 0 Hj| h» 

me + KOH 

^ 0 iiH. 4 =:H( 0 H:ihrCI 

B 


Mi + + *CI 

0 

liiiliiiiiitp 

TIiiih tlia alfiM^ rahitimi liifwia'ii tia* iiidopliriiolmid Iti 
iliifliifiaH ittafia at iiiiri' ii|ip;ir»'iil, 

Tti«* laiifu iiiilfiplif'iitil'' i'liliiliit ill a 4rr$> > 

fliiiriifirar «if |iliaiiiiK\ Ttiay ilmmilv#* iit a'liufptu *4 A**- 
niitiniir iilliilia^. Tliay ;ir*% fa*4ly *ni4i/r4 in 

iilkalitia hy ilia iwAifiit ml t}ir iiir ait*! ai ihsufrij 

ilitiillin iiiiiupliiiifils, mfill'll, ip'iiif iiaHi|iil#Ir m 

frriiii tlir In arii! '.'iilniiiiia* ijfi* 

iin* lt«t tlllis iiflartail hv ;tl iiiia'fiiirrir 

IJpfiri tint Miliiliility uf fha iiuirii itnlujilfiiiul in 

Miiliitltai ami il« aliianpliaiit' mhiaiiiiii it* tjo 

ill dyiiiiig. 
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ifH*lf appurontly from its rh(‘ini(‘ally iTHlifT(U*(*ni 
i'hnnifior oo ufl’mity for tlio toxiilo fihco’H. Thin dif- 

io'iilly ovrn'oinr in prartic'p hy ii proc*rHS t^xamtly lik(^ that- 
fitr iiaiiifo ilx'iiii”. 'I 1 h‘ fibca'.s aro in an jilkaliiu*: 

xilniiiiii i>f tfoiro imlophiiio!. lliia {‘oIoHohh Huhnlaiua^ cIoc^h 
luivi* aii alliiiity for flic* filnTs iiutl they b(‘<*om(^ in c(itm(uiu(*u(a^ 
I!ioroii»iltl\ iiii|tri*inijito(l with it. Mxponun^ to ilu^ air iluai 
fli'vo!o|i^ iiii‘ folor hy o\icliiti<in. A hatli of poiaHHiiun 
may al^o bo tiHc*tl fi>r tho <lov(do|nn<ait of 

I'i ♦liif’. 

ilirrrf ilyriii^, of ilH fihora has boon ac*c*ompliHhc‘d !>y iniprog- 
tliiiii with an 10111110 and a fdionol ami th(*n paHHini^ 
:>* 4 oury lliroti«ji a liath of potaHsiuni Imdinanato. or bhamhini^ 
wtiirli lima'hipH tlio oolor at oma*. 

Indciphenol Blue. II10 only iiulopliomd of tocdinioal vaha? 
i- fhoiiiir priniiirril by l!io c‘oitibitiaticai diinoihylparapho.nyl- 
lilid ir“iiiifilithoh 
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Th*' »rt!,i}ti».rin»l >ly»“ v* u durk brown jK)Wflor <ir a tlark bliwi 
j».« O' ttbli -tiiiiiw': briHiKi* hij4tro. It, cloi*a not tliHKolvo in 
wO's, :ib*4o4 it to II blu«> Hohition. Hydrochloric 

( 1*0 tmo" tin* bloc aicoliolic .oihition to a rcdclwh-lirown. 
.'i-t.ljoni Ir.dtoxidc fiio* no cItVct npon the mtno Holution. 

It «lnM!oi4/.t*ii by ftinnnouM chtoriilc. Concentntt.c<l mil- 
jdnni* arid yjt-hJx a yrllowinh-ltrown wdutiim from which the 
jiiidjtjoij t.f wall i rjms^M the reparation of browm precipitate. 
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This base appears in the form of colorless leaflets which 
cannot endure exposure to the air without being rapidly 
oxidized again to the blue dye. 

Methylene blue is the most important of all the blue basic 
coloring matters. It is especially fast to light and extensive 
application is found for it in cotton printing and dyeing, in 
which processes it is by the use of tannic acid fixed upon the 
fibre in the form of a tannin salt or lake. It is especially 
adaptcid for the production of sky blue tints and in accord- 
an(M‘ with its character it shows little affinity for wool, 
and it shows when dyed upon wool an extreme sensitive- 
nc^ss to light. It is also but poorly adapted for dyeing 
silk. For the production of ceitain shades methylene blue 
is toiuid with methyl violet, malachite green, or other basic 
colors. The methylene blue, freed from the zinc chloiide 
(‘ontained in the commercial dyestuff, is employed in medicine 
l){H‘aiise of its valuable antiseptic qualities. 

Methylene Green (1886). If a single nitro group is im- 
])lant(ul in the molecule of methylene blue it is changed into 
the dye methylene green. To produ(;o this change it is only 
iKH-.essary to dissolve the blue dye in concentrated sulphuric 
a(ud and treat it with one molecule of nitric acid. In one of 
th(^ benzene rings a single nitro group becomes fixed upon the 
('arbon atom which is next to the nitrogen as shown in its 
formula: 


NO2 N 

/V, 


(0H3)2NI 


s 


IN(0H3)2 


01 

Methylene green. 

(Chloride) 

It is therefore a mononitromethylcne blue. The commercial 
product is a dark brown powder which easily dissolves in water 
with a greenish-blue color. In alcohol it is but sparingly 
soluble. Hydrochloric acid does not affect it, sodium hydroxide 




(’cj \!. ’r \i: vs 


2 NS 


Jl M*| K 1 r:i IH sll <»t \‘iii|t‘! rnlHirtl |!f i«* I*,;*. Ill t’? if n «i 11 f. i f» » | 

!ivdruf'lilnrit* :u*i«l it with a flark ii *'*»i*'r :ii‘d 

i^ri cliluliaii la bluf. 

Gentiaiiine riB86i. 'llii"! ti>*‘ ‘^and’- in in 

(■ua,s! il III inn halt' wa) l»a!\U'i'fi Laiiiii xuih'U ♦»! 
iiiarria! va!ii<% and iiiaf ii\wliirit im t*! t'n af iiala f iial 
iliipiiilUltra. Ill LatllldM viitlrt llu* l'*rir aitiiia** 
rniiiiiiird iiii.Hiibal it iilrtl, ill iiuili> h’lP hhu‘ al! !<«ur li^di'Mian 
wrrr ^uh^lilu^ad l‘\ liit'tli}! ’*t‘<^^ll! in t smtlaiijia- *f. 
twn of ilirM* ii\ dro|,trii;- ill oiif aiiiif*** rr»iiip Irnr b-*'< a N |4'i*9'>L 
Hir rUVrl lirrii lo priMiuri' a d;a' laada l 
hill a hliii.d! viiilrf, 

lit It:- pr«‘par.'ilii»ii |i;ira|ifa‘frdMirdr-aair ana 

dillirt !i\L'iliililir air If \idi/**d, ill a m! ip .Mii I rt,? afrfli ' t ,rai *r 

Mil|iliid«% h\ ihr ;iddili*?ii i4 friia i’ i an.a! 4 - 


/ 


m 




S 


MM, 


m 

Irfllltofllll® 


III ii|ijw%*ii*r III rtiiiiiiirirr iii ihr Imhh ^4 a Au^' * hh»nd» d'rftf.s 
Haliy wliirii ia a n ddi* h hrmin ptivrhn *u 'Pa P 

foriailii! n filai‘li adPiMii; > u > < ,r, 

ill fdf‘ii!iiih il) dr!i«‘iilH* ir :a id lain ^lir r. it m <4 
Btlfiililii lluilMvidr »}iailp.r' tl/r ra!^! n* vaait » rj * 

It dirt \ vlolii |jrrf‘i|iilaJ*a f la aPi p alphi,i^ i Pi 

II i'li»rrriii HhilifUi ^^hadi dr rridl%aa * .i a-..a . 

fird hliin and thru hhit 

i1ir Irliriidijra* i |i|#»hi»ad Ir < P r a ; a!” and 

Olilli/vilir limit r fplirlj;, ri-fan t|i« Mdil m 1 d.« da 

It i'^ f*lll|il#Hrd tp ! h P !a Pop ii I'lp 4uf Pi »| 

willt fuiiiiiii a hliiidt P‘if 4 ii. 

Htw Mitliiknt Blttf N* t|%| p 1ld ri-« * ,«4h4 -n < 

flilli’r hlid«“' 1 liali lii«‘lli> l« lit h!p«a airl P ^ dr'» |a>^|rf|%r 




THE THIAZINES 


2S9 



i 


t 




to the methyl and ethyl groups with which methylene l^liie 
may be regarded as (^nrichc^d. Its preparation may be car¬ 
ried out by the sodium thiosulphate process described und('r 
nuithykme blue. 

The oxidation of two molecuh^s of monoethylorthotoluyleiu'- 
diaiuine ])rodiic(^s the dy(u 

/Nnh. 


C2H5HN 


CH;^ 


C2H5HN 


CH3 S CH3 


NHO2H5 


Monoethyltoluylene- 

diamine 


Cl 

Now methylene blue N. 
(Chloride) 


It is a brown crystalline powder of metallic*, lustre which 
dissolves easily in watcu* with a blue color and in alcohol with 
a greenish-blui^. Addition of hydrochloric acid produces 
a pure blue, whih^ sodium hydroxide causes the separation 
of a brown precipitate. 

A yellowish-green solution is formed with concentrated 
sulphuric acid, but this is changed to a pure Idue by adding 
water. 

The color when once reduced to its leuco-baso by zinc dust 
is at once restored by exposure to the air. 

Thiocarmine R. (1890). The basic thiazines thus far 
described are not suitable for dyeing wool. By the process 
of sulphonation the basic character is neutralized and a pre¬ 
dominating acid character is developed. Thiocarmine is 
such a sulphonatcid thiazine which is used for wool dyeing. 
It may be regarded as a nu^thylene blue whicdi has been en¬ 
riched with both benzyl groups (O6H5CH2) and sulphonic 
acid groups. 

For its preparation aminoethylbenzylanilinesulpho acid 
is employed as a starting point and it is subjected to oxidation 
by chromic acid in the presence of sodium thiosulphate. By 
this process a thiosulphonic acid is formed, which is then con¬ 
densed with ethylbenzylanilinesulphonic acid when by the 
further action of heat the thiocarmine results. 
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Thiocarmine R. 


Thiocarmine R. conu^sintotlu^ track* in the* form of an iiuiii^o 
l)lu(^ powder or pastes Hydrochloric acid do(‘S m^t alTcct if. 
nor d<)(\s .sodium hydroxide in a cold solution, hut on h<*atin «4 
a changes to violent takers place*. The* solution in si runsul¬ 
phuric*. acid is ^'ns*!!, hut. on dilution it h(‘com<‘H blue*. 

Wlum it is rcaluccd hy zinc dust, and thc‘n exposed tc» the* air, 
th<5 color r(‘turns. 

It is distin^uishc‘d hy its |)ovv(»r of <*ciualrzation, that is, l!«» 
dye attach<‘s itsedf to thc^ ni)r<^ in a unife»nn niann<*i\ and it 
is rc^cornmcaidcul as a suhstitute for indigo c*annine, alllioiigh 
it has 1(\HS r(*Histanc(* to tlic* action of light. To acids, alkalif*H, 
and th(^ proc(\sH of milling, thiocarmine* is n*aHcmnlily 

Thk Oxa/jxks 

From the thiazines, thc^ transition to the oxnziiies is easily 
maclc^ so far as thc^ conc(*ption is (*cmc<‘rm*d. If oxygen h 
Hubstituted for tlu^ atom of sulphur in the* c«*iitrc* ring of ftie 
thia/ines, them thc^ tluazim»s rc*Bult. Tlu^ lattcu* may nil In* 
regarded as dcmivativc*H of pheiioxazitat; for tliw appears ns 
the central nu(*kms of this whede class of dycK, At tin* Hiiitie 
tiiiu^, it may Ik^hcc*!! how thc^ oxazines and tliiaziiit*a difer 
l)y comparing thc^ following fomuiliiH: 
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ft dissolves easily in wat.er with a bluish-viokd (*olnr. flydro- 
(‘liloric aeid causes the violet, solution to turn bluf\ Sodium 
hydroxide causes a l)ro\vn precipitaicu A hIaekisli“!i:r(‘eH 
solution is effecUMl in strong sulphuric af'id^ whirh changc*s to 
]>lue on diluting with water. 

(tot.tori which is mordanted witdi tannin and tartar cumlic 
is dyed })iu(u It is also suitable for dyeing silk and w«)ok 
The color resists very W(dl the acdion of light, acids, and soafu 
but. it is not so si.ahh^ against alkaJi(‘S. It is (‘luployed as a 
su!)st itute for indigo. 

Muscarine (1885). This is a blue dyc^ ])roduc*c‘d by con 
dcfisation of the two (a>infKm(*nls, nit rosodi/nel hylaniline 
and 2.7 di(>xyiui[)htha.l(m(^ acting upon one another. 


/\; 


NO 


HO 


(0H,)2N^ 
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H 


OH 


HCl 


NitrosodimethylaiiiUne 


\/\/ 

2.7“DioxyniphtbiiIeitft 






V\o/'\/ 

1 

01 


OH 


Mufcarint, I'CtiliirWri 

MuH(!arinci forms a brownish-vicdet fHHvder whieh disHoIveH 
with difficulty in cold Init. (‘asily in hot water, with it bliiisli- 
violet color. Bcnling the acfueouH solution with /Jne iltisf 
decolorizes it by converting it into the knieo eoiiipoiiiid. On 
exposure to the air, oxidation cnuHes the bliiish color to 
return. 

Hydrochloric acdd pro(luc<!« a violet precipif.iite, while wMliiiiii 
hydroxides dissolveB the dye to a yellowish-browii siiliitiiim 
Strong Hulphurie* acid forms a hliiisli-griMUi solution tliai by 
gnulual dilution with water ehieiiges first to blue, tlieii to 
violet: finally a violet precipitate fails. 
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COAL-TAR DYKS 


If hydroeliloric. arid is added io the warni aciueons scduticui, 
the hydrochloride is precipitated in tin* form of fim* necMtlc*.^. 
which are green in reflected light., hut. violet in transmitted 
light. Sodium hydroxide ]>roda(‘es a nsl precdpitate whieh 
will dissolve in ether with a brownish“i>rangc^ coku* with a 
dark green fluoresence. It dissolvcw in strong sulphuric 
acid with a brown color that (diang(‘s with addition of water 
first green and then blue. 

Cotton is mordanted with tannin and tartar mnelic, and then 
dyed blue while it is not found to be suitable for wool. 

Reducing agents transform it into tin* Icmco lms(* which «ii} 
exposure to the air rapidly turns }>lue again. 

Nile Blue 2B. (1891), is a dye* closely n‘s(unhling Nile blue 
A, described abov(*. The color produccsl liy it ii|«Ui mor¬ 
danted cotton is a greenish-blue instcaid of a pure blue. This 
effect corresponds to a change in tlie composilifiii fiinl this 
depends upon the use of benzyhmphthylamiiie in plnce of ftii* 
simpler naphthylamine used for the Nile Idiie A. f%xcf»pi 
for the ben^A'l residue, it has tin* same constitution ns tfiiit 
dyestuff. 


/\/ 


(O-AbN 


xXZ> 




jHHOHaO,iH5 


01 

Hilt bim aB. 


This dye appears as a crystalline pnwdcr of a jtrccnish lus¬ 
tre. Cold water dissolves it with (lilHculty; hut in cither 
hot water or alcohol it easily <liss«lvt*s with a grcctiWt-hhic 
color. The addition of a little hydrochloric acid induces (he 
separation of reddish-violet flocks, while a large ariiomU fortiw 
a brownish-yellow solution. A brownish-red precipitate f«»l- 
lows the addition of sodium hydroxide, Tlie hrownish-r»*(| 
solution which it fonns with strong sulphuric acid lets fall a 
violet precipitate when water is added. 





CHAPTER XII 

THE ETJRHODINES AND SAFRANINES 


The Etirhodines 

The eurhodinos arc the simplest of the azine dyes and consist 

N 

of two benzene rings joined by the azine group |\ 

\N/ 

further with amino groups symmetrically attached to the 
rings. They are in consequence diaminophenazines. 


N 




K 


Vx'/V 

Phenazine 


HoN 




Diaminophenazine. 
Nucleus of eurhodines 


iNHo 


The proof of the structure of the eurhodines may be under¬ 
stood from the following reactions: 

Phenazino was produced by condensing pyroeatechol with 
c-phenylenediamine, three molecules of water being eliminated. 


|0H t3L2 

I 

lOH H 2 N 


H2n/\ 


Pyroeatechol 


+ O 




0-Phenylene- 

diamine 



Hh 3H2O 


If o-toluylenediamine is condensed with pyroeatechol we 
obtain similarly methylphenazine. 



Methylphenazine 
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Now nu^thylplioiiaziiu^ can Ix^ i)n‘|)an‘(i and was prc|jan*d 
in anotlKn* way, lh(‘ study of whi(di rtwaails (dearly fin* cent" 
iKiction of th(^ (uirhodiiKss to plnaiaziiaa 

By a proc(^ss of oxidation arid suhscajiaud boat in,i£, I he Uu> 
compounds p-ph(myl(‘n(Hliainin(^ and o-toliiyhaic an* eiui- 
densed to simple toluyeiKt red. 


/\nh.. 


p-Phenylene- 

diamine 


/\ 




4 * 


OH:i 
NH.> 


/\/"\X\ 




o-Toluyknu- 

diamine 


CHa 




Tokiylffir ml, 
Coior 


When this toluykaie nal is diazoti/X'd, a Ictrazo (*i»fii|ioiiiiii 
is formed. If this tedrazo product is boiled with alrcilml, 
two amino groups are (diminatcal and inethylpliciuiziiie 


/\/ 


N, 


\/\, 


OH;, 


Methylpheoailfii 


From thcfio roaotioriB and productH, it. in conaudfHi that th«* 
simple tolulyene nul is a diaminoiiicthylpliriiazitii', ami that 
it has the couHtitution shown above. 

Neutral Red {1879). Tlie enrhodiiH! known as iieiitral red 
is formed similar to that for luhiylene iisl jrivon uiiovi*. 'Hie 
two HubHtane(!s brought to>;ether for this ptirixwe are dimelhyl- 
p-phonyl(in(idiamine and w-foluylenedianiitte. By oxidation, 
these Huhstances unite and pass tliroiiffh the itiieref.lin}' phase 
of first forming a bine Hiihstanee eulled toliiyleiie bine, 'fhe 
product is then boiled, whereby it is transformed into neutral 
rod. 




.OH 3 








n@utral 

ThekaM 


{ 0 H 3 )aN< 


V/ 


Itttffil mi, 
if# 


*HCI 
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Here we have substances analogous to those condensed to 
produce toluylenc red, which was converted into methypheh- 
azine and thus proved a diamino derivative of phenazine: 
the neutral red employs a dimethyl-p-phcnylencdiaminc 
in place of the simpler p-phenylcnediamine, the two methyl 
groups not affecting the condensation whereby the dye is 
formed- Neutral red is a dark blackish-green powder, which 
communicates a carmine red color to its aqueous solution, while 
it dissolves in alcohol with a magenta red shade that exhibits 
a slight brownish-red fluorescence. 

The first effect of hydrochloric acid is to turn it blue, pro¬ 
ducing a pure blue when an excess has been added. A yel¬ 
lowish-brown precipitate falls on adding sodium hydroxide, 
and this precipitate dissolves in alcohol or other, giving strongly 
fluorescent solutions. 

Dissolved in strong sulphuric acid, the color is green; this 
changes on diluting, first to blue and then to magenta red. 

From a neutral bath, cotton mordanted with tannin is dyed 
a bluish-red. 

Neutral Violet (1879)- This dye differs from neutral red 
only in having a methyl group less; the removal of this methyl 
group from its position in the benzene ring works a decided 
change in the color of the dye, turning it from red to violet. 




/\y \/\ 


Neutral violet. 
The base 




/\y \/X 


(0H3)2N 


Neutral violet. 
The dye 


NHo-HCl 


Neutral violet is a greenish-black powder which, inhaled 
in the form of dust, violently attacks^ the mucous membranes 
of the nose and throat, causing sneezing. 

Water easily dissolves it, giving a violet-red solution. Only 
a slight change is caused by hydrochloric acid until an excess 
has been added, when the color becomes blue. A brown 
precipitate falls on adding sodium hydroxide. A green solu¬ 
tion is formed with strong sulphuric acid; but this changes to 
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blue and then to violet as water is slowly added. Cotton 
mordanted with tannin is dyed a reddish-violet. 


The Sapranines 


The safranines are among the oldest of the coal-tar dyes. 
Indeed, mauve, the very first dye prepared by Perkin in 1856, 
has been shown after long-continued research to be a true 
safranine. Few dyes have presented more difficulties in 
determining their composition and structure or have enlisted 
such frequently repeated attempts of many chemists to attain 
formulas which should give rational explanation of the syn¬ 
theses, properties, and reactions of these dyes. 

The most striking property of these dyes is their strongly 
marked basic character, which in many respects claims kin¬ 
ship with the ammonium bases; further, among other pecul¬ 
iarities, they have a characteristic bitter taste. 

The safranines, as members of the azines, contain a double 


nitrogen group 



and their strongly basic nature may 


be ascribed to this group. Two amino groups arc also 
present. The hydrogen atoms of those amino groups may be 
replaced by acetyl groups. Even then the nature of the 
molecule as a whole, though acid radicals are present in the 
amino groups, remains basic, lending support to the view that 
the azine group is responsible for their behavior as strong 
bases. 

The safranines are capable of forming three classes of salts 
with acids, according to the vStrength of the acids employed. 
The monacid salt is the most stable and is not decomposed 
by water, while the diacid and triacid salts cannot exist in 
the presence of much water. 

The three salts exhibit very different colors. The stable 
monacid salt is red; the diacid salt requiring a weak acid 
solution to keep it from decomposing is blue; the triacid salt 
which can exist only in the presence of strong sulphuric acid 
or very strong hydrochloric acid is green. In view of these 
facts, it is easy to see how a solution of the dye safranine 


f 


IT* 



A 
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itself in strong sulphuric acid, which at^^^ i^i^een, will pass 

through a blue phase to the final and 

gradual addition of more and more water 

succession triacid, then the blue diacid salt, leaving the red 

monacid salt able to maintain its stability in an aqueous 

solution. 

By reduction, the safranines are converted into Icuco- 
compounds which possess a double character according to 
the circumstances; being quite stable in acid solution, but, 
if produced in an alkaline solution, they become oxidized 
almost immediately back to their original color by the oxygen 
of the air. 

If stannous chloride and hydrochloric acid are used for the 
reduction, it is found that one molecule of the chloride is able 
to reduce one molecule of safraninc to its leuco-base. Hence 


it follows that only two atoms of hydrogen are added to the 
molecule during the conversion. 

Safranines are formed by many methods, among which are 
the following: 

1 . By heating indamines with primary monaminos, with 
partial reduction of the latter. 

2 . By the simultaneous oxidation of /^-diarninodiphenylainine 
and its analogues with primary aromatic amines. 

3. By a similar oxidation of p-diamiiies and two molecules 
of primary bases. 

4. Finally, by oxidation of m-aminodiphenylamine or its 
analogues and p-diamines. 

The safranines are also formed from the reaction of amines 
upon aminoazo compounds. 

Technical Preparation. Their preparation from these latter 
compounds of course necessitates their reduction, which splits 
them into p-diamines and monamines; for the azo group 
is not present in the safranines. 

In the manufacture almost exclusive use is made of that 
process wherein one molecule of a p-diamine and two mole¬ 
cules of a monamine are united l)y means of a simultaneous 
oxidation of all three units. 

The required mixture of these amines is obtained by the 
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reduction of the aminoazo compounds. Usually there is 
prepared a mixture of aminoazotoluol and o-toluidinc by 
diazotizing o-toluidinc with sodium nitrite and hydrochloric 
acid. The product is then reduced and consequently split 
by zinc dust or iron filings acting upon h 3 ^drochloric acid. 

The result is a mixture of one molecule of p-toluylcnediamine 
and two molecules of o-toluidine; or in place of the latter one 
molecule of toluidine and one molecule of aniline. This 
mixture is neutralized with powdered chalk and then, after 
the addition of potassium bichromate, kept at a boiling 
temperature for some time. Weldon mud and oxalic acid may 
be used for the oxidation process in place of the bichromate. 

The first products of these oxidations are indamincs; 
but as boiling continues, the excess of the monamine present, 
by aid of the oxidation that is going on, enters the reaction 
and converts this first-formed indamine into a safranine. 

Simultaneously violet-colored by-products arc formed which 
on account of their weaker basic properties can be made to 
form a precipitate by the addition of sodium carbonate or 
chalk and are thus separated from the safranines, which remain 
dissolved. Later, from this solution,, the addition of salt 
causes the separation of the safranines themselves. 

The first safraninc is said to have been discovered by Guinin, 

Mamas and Bounct in Lyons by the oxidation of mauve. 

It was afterw^ard prepared by heating aniline which contained 
toluidine with lead nitrite. Another method was to allow 
the arsenic acid, used for so many years as an oxidizing agent 
in rosaniline manufacture, to act upon aminoazo})enzene. 

Naturally as intermediate products aminoazo compounds 
were first formed by the action of lead nitrite. 

The dye is now manufactured almost exclusively by the 
oxidation of one molecule of p-toluylcnediamine, one mole¬ 
cule of o-toluidine, and one molecule of aniline. It is employed ^ 

principally in dyeing cotton. 

Frequently other yellow dyes, auramine, chrysoidne, and 
turmeric are used in combination with it to produceithe scarlet 
tones which are similar to those of Turkey red; but in fastness 
they are still considerably inferior. 
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In silk dyoingj safraninc is used to produce beautiful shades 
of rose. Latterly safranine has been diazotized and com¬ 
bined with /9-naphthol to produce a blue ])asic dye which 
is used in dyeing tannin-mordanted cotton under the name of 
indoin; this has earned a reputation for great fastness. 

Structure of the Safranines. One of the first formulas pro¬ 
posed for safranine made it appear as an azo compound 
with the characteristic group —N=N— holding together the 
parts of a complicated molecule. This formula was founded 
upon the fact that aminoazotoluene and o-toluidine when 
heated together in alcoholic solution produced a safraninc. 


N- N NK 2 



NHo 


Aminoazotoluene o-Toluidine 

The method of tluur union is seen from the reaction which 
follows: 



H 


Aminoazotoluene o-Toluidine 
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But thin forrnuia was nliown to Ik‘ incornn’t by a !a«*tlio«i 
of preparation wh(‘r(‘ no azo e(UTipouiuI was uned iiiiil wherr 
none could be fornuul during thc‘ process. T1 h‘ Hubstfiiices 
ernploycul wen^ p“ph(*nyl(ui(‘(lianiin(‘ and aniline. Oxidalioii 
of th(^H(^ two Hul)stanc(^s yields pluniosafniniiu*. If was after¬ 
ward found that by th(‘ siniultancajus oxidatitni of a /Mliitiiiiiu* 
and two niolecul(!s of a nuuianiinc^ that the* safriinincxH 
selv(^H could b(^ prepanal. This of (*oum‘ shut out of con¬ 
sideration safranines as a%o coiiipounds. Xietzki itflordeil 
assistancei in undcu-standing the? Hafraninc* forniiilfi mlien In* 
pix^pared th(^ dye by oxidation of (ujual nu^kaniles of dielliyl- 
p-phenylemuliainiiu^ and anilin(‘. This Hliowed the pndmlile 
pnwenct^ in tln^ dyei inol(‘Culc‘ of two nioniiiiiiiie radicals with 
thenr l)en55ene rings aitachcal. Tlaui by preparing a tefrn- 
ethylsafraniiK^ h(^ supplical further evifhaice thn! two fiiiiiiin 
groups were also pivseuit. Waiving out the inefliyl gnaips 
for simplicity, his formula would appear as stiimii Indiiw: 



Contrary views, wetl stippcirted, often rfiiiie in ciiitflirf, mill 
no more interesting and vidiiiible exfioKifiofi of efieiidriii 
methods in thcar pn»gresH step by step to ttie milviitK tfir 
constitutional formula of a dye citn Im* ftiiiiici ttiitii that of 

saf ranine. 

The introduction of the ninny views iiiid llii» evidefiri! as ii 
accumulated through a half ceiituiry would only mminm* Ifie 
student at this point. At pii'«*tii^ the utrtirliin't will Imi 
consiilered in thc^ light of u regular pmgmm frniti llie 
substanc^es mnploycHl until the dfftitihi of ilm fomiuln art* 
understood. 

Under the indiiniines, it was Htiilecl I Inti dyes wen* 

of little value on acumunt of their in iiciiii. Thev 




THE EURHODINES AND SAFRANINES . 303 


doj however, form a half-way step to the formation of the 
safraninos. 

The simplest indamino is a substance containing two benzene 
rings joincxl by an amine group and having the other groups 
affixed in the para positions in those two rings as shown 
below: 


/\y^\/\ 


A/' 

The simplest indamine. 
A blue dye 


Now this dye is prepared by oxidizing molecular propor¬ 
tions of p~ph(uiyl(uiediamine and aniline; we may consider 
them as forming a union thus: 

NjHH.Ij 

\/_ 

NHjH 

p-Phenyleae- Aniline Phenylene blue 

diamine 

This oxidation and union is brought about by potassium 
bichromate in neutral solution; l)ut this does not give sufficient 
reason for writing tlu^ formula as just given. 

However, it may b(^ clearly (established by another method 
where th(^ two Ixmzeno rings are joined by a nitrogen atom 
and where th(^ amino groups are present, one in each ring in 
the para position. This method employs ^^-diaminodiphenyl- 
amine. 

H2NO6H4NHO6H4NH2 or n-H— 

All that is needed to convert this into the indamine known 
as phenylene blue is the removal of two hydrogen atoms 


+ 


+ 20 = 






II NH2 

■wiar 
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from tlio mol<!(uil(i ])y oxidation in accord willi rcacfion 
below: 



Pheuyleiw blu« 


Furthermore by rcKluetion, phenykuie blue m cum verted 
into a hmeo compound which m id«intical with p-di«mifi«i- 
diphenylamiiie. 

It may now })e mmi that thc^ foil{nvi!i|( faclH lire chuirly 
eHtaldinhcul for plumylene tdue and idm) fur Hafraiiiiie €if which 
th<iH<i an^ a part: 

1. Thrc^e nitrogen atoma are pn*Heiit in ii double 
molecule. 

2. OiHi of t-hene holdn the two benzmie rirign togetlier. 

3. Of the ixunaining two one* in preneitl m iiii iiiiiiiii* griitiji 
in one ring, the other aa an amine group in the other ring. 

4. Both theB(5 amino groiipn are in the para pimilioti tfi the 

linking nitrogen. 

It in fuither eHtabliHluai that when /eplieiiyleiii’diiiinitie 
and aniline am oxidized, thc*y will Im* linked by it nitrefgeii 
atom, and this otlw^r groupB mull b* in pnrii po«itioiw In the 
linking nitrogen becauHO the product tliiw cihlniiiect k ideiiliriil 

with phenylene blue. 

Following a Biinilar mtdhod of prepiiratlon, if we link witli 
p-phenylene diamine, in place of nniliiie, i-ri-toliiylaiif.Mliiitiiiiiif, 
we shall obtain another iiidamine krioivn m loltiyltiiie 

blue, 
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/\ 

N 

HH H 


H2N 

\ / 


+ 

HoN 

\ / 


p-Phenylenediamine 


NH I H 

m-Toluylenediamine 


+ O 2 




HoN 




H 2 N 




+ 2H2O 




NH 


Toluylene blue 


This toluylene blue exhibits the interesting peculiarity of 
changing into a red dye, on simply boiling with water, known 
as toluylene red. It is an example of oxidation whereby two 
hydrogens are removed and a second nitrogen linking takes 
place within the molecule as follows: 


NH 


\ 


HoN' 


\/\ 


X X 



f X 

\/ 

H H 

HN 

\/ 


OH, 


+ o 


HN.> 


Toluylene blue. Leuco base 






+ o 




NHa 




HoNl 


\/\nh/V 

Toluylene red. Leuco base 


3 

NH 2 


/\/ 


N, 




\/\ 


OH, 


+ H2O 


Toluylene red. 
Leuco base 


Toluylene red. 
Color base 


The formation of this new substance by a double linking 
of a second nitrogen atom is iinportant; for safranine contains 
a similar one and an understanding of this will help to explain 
the latter. 
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But how is it assured that the second nitrogen linking 
occurs as represented? This double linking of two benzene 
rings in neighboring or ortho positions forms a substance 
known as phenazine. 



Phenazine 


A glance at toluylene red shows that it contains the phenazine 
as its nucleus. But how may the structure of phenazine be 
proved to be as represented. It is proved in this manner: 
Pyrocatechol and o-phenylenediamine condense to form 
phenazine. 



Pyrocatechol o-Phenylenediamine Phenazine 


Methylphcnazine may ho prepared in a similar manner by 
condensing o-toluylenediarnine and pyrocatechol. 



Methylphenazine 


Now a very close relationship exists between toluylene red 
and methylphenazine which shows conclusively that the 
phenazine is the nucleus of the rod dye. This was proved by 
Bemthsen and Schweitzer, who, by diazotizing the two amino 
groups of toluylene red, were able to eliminate them and rciplace 
them by hydrogen. The resulting compound was found to 
be methylphenazine itself. 

When p-phenylenediamine and two molecules of aniline 
are oxidrzed, there is first formed an indamine with its single 
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nitrogen linking and then by the further action of the second 
molecule of aniline, thci indamiru^ develops a second nitrogen 
linking and a phenaziiui (containing a third bnezene ring is 
formed. This is phenosafranine, the simplest of the safranines, 
of the following constitution: 



Phenasafranine. Phenosafranine. 

Paraquinoid linking Orthoqumoid linking 

This phenosafranine is chiefly of theoretic interest; but 
it assists in understanding the constitution of safranine itself, 
which we may regard as a dimccthylphenosafranine. Sum¬ 
marizing the progress thus far by a series of structural for¬ 
mulas, we have: 



Leuco* indamine Leuco toluylene blue 

or leuco phenylene blue 



Leuco toluylene red. (Simplified form) 


(0H3)2N! 


^N\ 

\n/ 


CH3 

NHa 



01 

Toluylene red. The dye 


Toluylene red. Color base 
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Phenosafranine. Color base 



Safranine: thedye. or Safranme: the dye. 

Paraquinoid linking Orthoquinoid linking 


Safranine, the individual dye. This dye appears in commerce 
as a reddish-brown powder. In water, it dissolves easily with 
a red color; in alcohol, it yields a solution with a yellowish- 
red fluorescence. It is not a simple substance, but a mixture 
of the two bodies of the constitution shown here, which differ 
only in the first having a phenyl group, the second a tolyl 
group attached to the lower central nitrogen atom. 



Commerical safranme 






lifH hruiiiiinsKH Asn ^\¥u\xi%k^ 



llii' jiri-H’lil Iri'iiliiriil Inf it*. Iifnliiila’’* I- 

in tiii* u\ii l»if if »ii *4 i'lltyil llinli nf p tnl^H MnUhin* ninl 

o-tii!liiiiilii* III t III' t>t irirM|}ii|nii!ir' !|i*’ii thf |iinh*l 

1*1 fIlcil‘llHat i* Ifi I if ttitll nfi*' Ifmll'ryl* fif r# lit #i4', fi* l*i|ia 

lit lip* fli*„Nirrt! ivifiifp*. Ifp' r'ljMln.i! finrni m| 

lIlIH ri%‘lfii<lli l*i%Vlirf| IIp* * lltl pi««!ii?i mill hr Mh'P!ir4 

ln*!tnv: 

Fii>:t tli«* ftiriiiiili<»it iif /I ftiim Iriiniiniiiiip' Iimiii c? inlMniiii* 
liv llii* rr‘iirtitiii ip: 


OH I 

Anh, 


+ 


lalfO 


p / 

it-Tfilaiilrii 


4- 2HC1 - 
OH. 

■ M M 

h } M»m 4- «K.O 

*01 




0 H .1 

i + 

0i 


\/ 


I iMU. 

If 


QM:! 

I I ^ 

i ‘ ' >a. 

A ft I Pi * * # r 4 


4^ 1101 



OB,, 


4 - iH * 







./ 


p.f Ullif Itri* ‘ 


§ 1 , 

MH, 


r 3M..0 
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Then the condensation of the p-toluylencdiaminc with the 
o-toluidine and aniline follows thus: 



+ 4H2O 


Safranine hydrochloride. 
The dye 


, Note. If the aniline is replaced by a monoaklyl-c-toluidine, 
a safranine yielding a clearer shade of red in dyeing is 
formed. 

Hydrochloric acid changes a safranine solution to a bluish 
color. Sodium hydroxide causes a brownish-red precipitate 
to fall. The solution in strong sulphuric acid is first green, and 
on dilution first blue and finally red. This is explained by 
the formation of an unstable green triacid salt in the strong 
acid; a decomposition by a little water into an unstable blue 
diacid salt; and on further dilution a further decomposition 
into the stable monacid salt which the addition of more 
water does not affect. 

Safranine colors cotton but slightly and so is easily washed 
out; but; as a basic dye, it dyes cotton mordanted with tannin 
and tartar emetic red. It is employed in cotton printing, 
also to tone the shades of alizarine red. Silk is dyed to some 
extent; but the dye possesses less value in wool dyeing. 
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Safranine has been found to bo poisonous. Th. Weil (Zeits. 
fur Hygiene, 1891, p. 35), states that .05 gram of safranine 
hydrochloride per kilo weight is a fatal dose for a dog, inj(^cted 
hypodermically. A pc^culiar eruption of the skin has also 
been caused by a lining material dyed with safranine. The 
color base of safranine^ has the same color as the dye itself, 
and it is soluble in water with the same color. It may be 
prepared by adding Inirium hydrates to the solution of safranine 
sulphate. The strong basic property of this color l^ase enables 
it to draw carbon dioxide from the air to form the carbonate. 
The color base has the constitution indicated: 




H3 

H2NI 




OH^ 


HQ/ I 

/\ 


Safraaine. 
Color bpse 


NHo 


c/\> 


or 


HN' 





OH 3 
NH 2 


Safranine. 
Anhydride of color 1 


The first formula exhibits the base as corresponding to 
ammonium hydroxide; but repeated crystallization from hot 
water has been found to produce a base free of the elements 
of water. This anhydrous base may be accounted for by a 
splitting off of a molecule of water and a readjustment to the 
paraquinoid constitution as shown in the second formula. 

Fast Neutral Violet B. (1880), is a paste of bronze lustre 
or a bronze-colored powder, which gives a reddish-violet 
solution with both watc^r and alcohol. It is prepared by the 
reaction of nitrosodimethylaniline upon diethyl-m-phenylene- 
diamine. 




(0H3)2N 




Fitrosodimethyl- 

aniUne 


C2H5HN 


\/ 


NHC2H5 


Diethyl-m-phen ylen©- 
diamine 
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An nx<‘c*HH of hyclnx’ltlorii* iiriii rlnoigrM ili!* fniiii 

vi()l(‘t lo blue*. Socliuin livflroxidr iin rlTi’ii until nii oxti-Hh 
luiH bcHui aeldc*<l| whc‘ii tin* dyo in fiartiiill) jirt’oifiiinii'd 
Hulphuf'ic acid clinHedwH Ilia d\i* witli a radiiiNli ifiiri niiiii. it ilirii 
tuniH l)lui‘-viol(*t iitldiii|i walar aiul liiialli ri-siilidi■ viiili*! 

Fast iKUitml viola! B dyas Iniiiiiiiatl rollmi a 
an<l it Ih only UHc*d feu’ dyaiiiu aii*l iIiih filin^ 

Methylene Violet RRA, jRA in it rafidif^li-violii flyi'' mliirli 
is Hold an a Itnnvii iiowdar ilia! in aai#ily in imti'r or 

alaohol witli fi viola! rail rultir. IHiiiiifimi of bp 

phanylcuiadiainiiia iiiid aiiiliiif^ riiiisaH lliidr niiitai iiinJ 
t.hc clyca 






I '*01 




Mithfl•il• #4 

A i-DtatihflMtofiiBf ciiiiiii# 


Hydrochloric acid tunw llii* .tMiiOimj Iduidj iiui*», 
Hodium hydroxide ciuiww a laowiud* n-d jae*ijijsiiiv Jo hdi, 
Concentrated Miilpluiric ii(>id formic with it « urt-i^n •.olntioii 
which the gradual atldition of wafJT 111™-* fir 4 hloc atid fiiudly 
violet it?d. 


Tannined cotton ia dyed ie<Idi»«h-vioJet. It tt* ewjjloyed 
chiefly for c<»tfon i>riiiting and iw re!i,*>ojin! 4 y fiwt, 

Safranine MN. apjaairK a« a Itlack [lowdcr, mid« 1» m wilnl*!*! 
in water with a naldit«li-vii»!ct cfilor. The r«*t!diiili-vio!i*l 
solution in alcohol •shows an oraiigi* fliiotescfticf. 
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The substances brought together and caused to unite by 
oxidation to produce this dye are dimethyl-p-phenylene- 
diamine with aniline and o- or p-toluidine. Its structure is 
given by the following formula: 




/\y"\/\ 


(OH3)2Ni 


l^ci 


0 H 3 

NHa 


CfjH5 

Safranine MN 
m s-Phenyl-a s~dimethyl 
diaminotoluphenazonium chloride 




/\y \/\ 


^I^N(02Hs) 

Nv 


\ 


Cl 

CeHr, 

Amethyst violet. 
Tetraethylphenosafranine 


The reddish-violet aqueous solution is turned blue by hydro¬ 
chloric acid, while sodium hydroxidti produces a dark-red preci- 
j)itate which dissolves in much water to a reddish-violet color. 

Blue, green, and reddish-violet colors arc made to appear 
in succession by dissolving the dye in strong sulphuric acid, 
and gradually adding water. 

Amethyst Violet (1883), is a derivative of phenosafranine 
containing four ethyl groups symmetrically arranged in the 
molecule. The dye is made by oxidizing diethyl-p-phenylene- 
diamine together with diethylaniline and aniline. The three 
constituents are arranged below in the relative positions 


they occupy in the completed dye molecule. 




NH. 



A 

(02H5)2nI^ 

^N(02H5)2 

U 

Piethyl-p-phenylene- 

diamine 

Diethylaniline 

Aniline 



314 


COxVL-TAR DYES 


Amethyst violet is a blackish-gray powder whose aqueous 
solution is reddish-violet. The fuchsinc red alcoholic solu¬ 
tion displays a bluish-red fluorescence. 

Hydrochloric acid converts it to blue color, while sodium 
hydroxide leaves it unchanged. Dilution of the green solu¬ 
tion in strong sulphuric acid turns it blue and then bluish- 
violet. Silk is dyed a shade of violet which fluoresces to a 
reddish tone. 

Mauve, Perkin’s Violet has the unique distinction of being 
the first dye to be made from coal-tar products on a commercial 
scale. W. H. Perkin, in 1856, discovered it and put it upon 
the market in a form soluble only in alcohol. This expensive 
solvent limited its use to the dyeing the most costly of all 
fibres, silk. The shade was at once highly prized by the silk 
dyers and its appearancte was the signal for the most astonish¬ 
ing activity and research by all European chemists. No 
single discovery in the field of chemistry can compare with 
this in its trcmiendous influence in opening and developing 
an entirely now and untried field. 

Mauve has been long superseded by other dyes save for 
English postage stamps, which were colored with this mauve 
until the close of Queen Victoria’s reign. More than a score 
of different trade names have been applied to it, of which the 
most appropriate was Perkin’s violet. 

The manufacture of mauve consisted in oxidizing a mixture 
of aniline and toluidine, when a derivative of safraninc resulted. 






|\oi 


CHs 
NH2 


C6H4OH3 

Mauve: Perkin*s violet, 
m a-Pkenyltolusafranine 
chloride 


Mauve was sold as a reddish-violet paste or reddish crystals, 
which were insoluble in cold water and only soluble with 
difficulty in boiling water to a reddish-violet solution. 
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Hydrochloric* ncid 1 <*uv«*h tin* color iiiitil :t nn-jti 

<‘XCC‘SH luus addtnh wlicii it tiiritH Soiiiiiiii liyilro\iiii* 

(*auHCH a n‘d pr(‘cipitato to hd! wliirli, wlnii filfori^d off, mill 
(HhhoIvc^ in \vat(*r. If diHsolvcil in ^Ironii ^nlpliiirii’ ai’id, it 
paHH(‘.H through the* sliadcHof gii*f*iu hliic, aiiil mi on thf gnuiiial 
addition of wut<‘r, 

(Ytiou inordnntc‘d witli Isiiiiiiii i.n tlird ji rcdili^ii-vinliU, 
Magdala Red (iS68), in a Icixuitifiil ti\r pih-c liniiih 

itH a])plication to nilk. rpoii tiii> fiUn . ii i> in piitiliico 
th(‘. most dedicate* roM'-red Hlindcs miiicli r\liiliit n ^'^plciniiii 
fluor(‘HC(aic‘(^ of a peculiar pi*iirl»‘int\‘ idiiinitii'r* It i*- ooim 
poHcul of two naplitludciir riiiisH joiiinl In !lir i:riiii|n 

i.(u, thc^ nucI(*uH of the dye In mi f’luiMtiiiifni. I'ltr ii,K iiiaiiio 
fac'iuny ihet ennnplex aniiiioa/it rniiipoiiiai** up* riii|iliiyrih 
which inuHt firni l«* dc*ciiitipoHei| aii«! tla'ii ihr jiroiiiifiM 
inuHi rcHaanhino with tin* aid <d’ iiil«lrt| utuiwi I'oiii- 
poiindH. 

Magdala red in iitadc hy the iiiuinai n^ariiitn of ilir liitlrm 
chlorido of aiiiiiioimaiaplillinlfUii* wiili iiii|iliiliyiiiiiiiin\ 



Utiial* Ki»4. Bi*f« 




THI. l.fStlfMfilSI..'' AM) >\FH WIM;^ 
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1 Cl 

0„M; 


#r.*i 


*1 til fi^P *] If '5 » 4^ ? *!(> |iifhinifiiif\ iiif|4ti i 
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I <1 Mr »| M ‘ If 

\fl ii. *f %• I. li . * H r‘l? ,i|f»i I* Jjl aiv» iu* li^ ilirl 

Li L^ Ms* ! ^ Mm fLiMniMi iL* liMHiii 

tif 4|i 4|1 .|.i -rrlf /.inLi » >Ji4 iiidiiir f|f> Mii^rliLiiitii 

1wi. M.«-L )|»L* l.rL t*« ft,4 4 Li f iiiifi tlir i «ifiii i 
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# H II tl#« i«»#« 

IL-; liiilff ill lull i.*| llir jifiliiiP- iiinii llif riiir rliiiili 

llifii llir iiiJiifi f'ili^' 4;ii 4 rMfiHiiiiitui iiniilfilili* fpf Ullliili 

%l'|lll till* rillli' f I III 


-wmoMi, 


«✓ 
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(’OAL^fAH I) VMS 


It m now in condition to unit(‘ with niiilinc with tin* oiiiiiiiin- 
tioti of anunonia. 

OrMr. 

\ 

Aniilm 





OflHa 
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Milling Blue ( 1890 ), is a naphthylsafranine, which unlike 
the safranines in general is not used for cotton dyeing. On 
the contrary, it is used for dyeing wool which has been treated 
with chromium mordant. 

Milling blue is the product of melting together anilineazo-a~ 
naphthylamine with the hydrochloride of a-naphthylaminc 
and aniline. 


/\ 


VV=: 


NOeHs 


Anilineazo-a-Naphthylamine 



JNH2 

a-N aphthylamine 


/\ 




/\ 




iNHCgHs 


CgHs 
Milling blue 


Milling blue is a bronze-colored powder which forms a blue 
solution in water. 

Hydrochloric acid causes a blue precipitate to fall while 
sodium hydroxide turns the solution bluish black. The bluish- 
green solution which it makes with strong sulphuric acid 
turns blue when water is added. Wool which has been mor¬ 
danted with chromium salts is dyed blue. 

Indazine M is a beautiful blue dye so closely related to 
mauve that it is often called pseudo-mauve. The dye is the 
hydrochloric acid salt which yields a blue solution with water 
and also with alcohol. The base itself is soluble in water 
with a red color. 



320 


COAL-TAR DYES 


Indazine M is pr(‘par(‘(l by brin^dng t(^gvthvr nitnwH 
(liiii(d,hylariilin<^ and diphenyI-//^-ph(*nyIc‘n(‘diamin(* wliiai tfa* 
indazine is fornual. 



Indazine M has thct appeamiire <»f a blue powder. Ilyilni* 
chloric acid tunm its Holution bluer and widiiiin liydrtixiilf* 
given a blue precipitate*. A hlii(*kisli Holiitioii m foriiieci with 
coinauitraUd nulphiiric acid which dilution with witter liiriw 
to blue. 

(k)tton when niordiinteal with tiiiiniii in dyed hliie wliicli 
is fast to wuHhing and fuithemiore in not nffecteci by iteids 

and alkalicH. 

The dye is not a honiogcuieoiis substiince. It ctuitjiinn iiii 
ingredient of a mom grecuiisleblue Hhade ivliiclt m 
to be the result (d thc^ further action cif iiitrcMarniicltiylitiiiliiie 

on thc! true indazine. 


Naphthyl Dyis 

Thnte clyen, a red, a vioh*!, ntid a blue linve lieeii pliieetl 
upon thc^ market wliich prcidiice viiliiiible flticiii*«ent iliftclen 

upon silk. 

Their structure is of piumliiir iiiterif.d mmm a <if 
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(ijoH 7 

Magdaltt red 


Thk Apohakham\KH 

Th(^ (ly(‘H (‘lasHcnl as tin* apc>Hafraniiic\s arp Hiriipli*r htriii*- 
iiir(% in |)()HH(‘Hsin|^ oih* amino group in plaro of two, fhitii iln* 
safninin(‘H, and ycd. their diHC(»verv was Inf in*, llu* ^ttniy 
and (‘lueidatiou of tluaV ronstitidinii was mairly fiaraltc'l iiitfi 
tla^ inventigation of thc^ HiifraniiK^H. Tlit* two i'Iiismah luair 
HO clom^ a relation to (uicdi othcn* that imiity of I lie farlH liniiigtil 
slowly to light wc‘rc‘ of mutual aHHistiineo in solving llioir stria*- 
tun^ and in arriving at rational formuliiH for hot In 
Th(^ constitution of aposafraniric is ajipamiit from ilat lorniiiln 
below: 



OfiHu 


ApmMimnIm, 

CSimptet f^preiftntiitivi) 

Aposafraniiie is at once sraai to corit 4 iiii ttin'i* ring:*! 

to the central imim group and therefon* it fulls iiitii tin* rlitps 
of tlie fij?in<! dyes. No dye €if this cIiwm. Iioifever^ luis iii n*iiliiy 
HO simph! a constitution as ahove; for iit iliew 

dyc^s, a naphthalene group is filwiiys pre«'»iif. 

If the imino group is affixed to the? iiitplitliftltme iiiit4*iw^ 
them the special name of Kwindiiliiie i» given to it. If^ oit ilie 
contrary^ the imino group loeiitt*d in the iMmietiii ring, it in 
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' '1 

OtjHrj 

Ph ©nylrosindulift e. 

Base of azocarmine G, 

Ah an <'xanipl<‘ <>f ll“‘ rca<ljuHtin<-nt which is liclicvci tu 
take place in the cnuiplex aiiilinca/.onaiilillialene before it can 
form a union with aniline to prodiu'c- the dye. the loilowin^ 

r(‘a(‘ti(His may 1 h‘ ^iven: 

First, th(‘ aniinonzo (‘oinpouiul chaiii^c^H ils foriiis from mi 
i\7A) to a hydrazo rompouml by tlio shifting of a liyilrogiii 
atom from th(^ amino group to tlm azo group iih follows: 




Azo form 

AnlUneazo-ir-naphthylimine 




Hydraio form. 
Ai»iltetazo-«-ft«plstbfta»il»® 


Th<! nr-o I'*'*’" >'P; l'"‘ fcroup -NIU'nHr, 

chatif^iiif!; position with the neiKhhoHtifj hytlroKcn atom, thus 
j)ro(hicmg nnilidonaphtluapiinonediiniide. 


.N-NO„Hr, 


EfdmzQ form 




qalnon^limld# 


Now th(‘ action of two molecules of aniline upon this 
Huhstanec whi<'h has undergone a doiihle IraiisfonnatitJU 



'nil; i.ri;fiMj}i\i;.s .vMt .s\M! am\i;s ; 

it is rnifiy lu ui'i, |u'(h1iicc.h jthctijlrtiMiiuiulitic 


H + H,fl 0 ,iH* 


NH + H.W 


AeUtdnnspblhuqutnannlifmlne 




+ 3 H»a 




fill* firtiiiii tif n%yiii'ii In mm In f^^-n 

Iiy«irtigi’fi itinl ffiriii fkt^ M/Jiir 


I M I 


y \/\ + H.,0 


'. 

ObS» 

m irnipUm mM to li# 
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Azocarmine G in its bluish-red aqueous solution yields a 
red precipitate on adding hydrochloric acid; this precipitate 
is, however, soluble in water; sodium hydroxide produces no 
change. In concentrated sulphuric acid, it dissolves with 
a green color and the addition of water to this solution causes 
a red precipitate to fall. 

Wool is dyed an even and fast bluish-red, which is pretty 
fast to light and not sensitive to acids and alkalies. 

It is employed for producing mixed shades. 

Rosinduline 2 G» By treating azocarmine G, which is a 
disulpho acid, with fuming sulphuric acid, it is converted, into 
a trisulpho acid. When this trisulpho acid is heated with 
water to 160-180®, a phenylamine group is replaced by oxygen 
and aniline is eliminated. Rosinduline 2G is the result. 
This is the sodium salt of rosindone monosulpho acid. 




N, 


\ 




a-KTaphthophenazme 


Rosinduline 2G is a scarlet powder, which water dissolves 
with a scarlet -red color. 

From the aqueous solution, a yellow precipitate falls if 
hydrochloric acid be added. A scarlet precipitate is caused 
by sodium hydroxide. The solution in strong sulphuric acid 
is a dirty green color; but when a moderate amount of water 
has been added and some time has elapsed, a deposit of golden 
yellow crystals separates out. 

Both wool and silk are dyed an orange-red, from an acid 
bath, and the color is fairly fast to washing and milling: It 
also shows good resistance to acids and alkalies. The dye 
equalizes so well that goods may be at once placed in a boiling 
bath of the dye. 
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If this base rosindone be distilled and the vapor passed over 
zinc dust kept at a rod-heat, oxygen and a phenyl group, are 
split off, leaving the well-known naphthophenazine; thus 
proving the constitutional formulas ascribed to phenyl- 
rosinduline and rosindone. 



O6H5 

Rosindone a-Naphthophenazme 

Rosinduline G. is a red powder which dissolves in warm 
water with an orange red color. This solution gelatinizes 
on cooling and standing. The dye is made by heating the 
sodium salt, of phenylrosindulinenaphtho-6-monosulpho acid 
with water under pressure. 



C0H5 O6H5 


Rosinduline 6. 

This is a valuable acid dje for wool and silk. 

The effects of hydrochloric acid and sodium hydroxide are 
the same as for rosinduline 2G. 

The dirty green solution in strong sulphuric acid gives a 
brownish precipitate on diluting with watel*. 

The scarlet which it dyes upon silk has the same properties 
as rosinduline 2G. 
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The Isorosindulines 

This class of the aposafranines differs from the rosindulines 
in having the substituted amino groups attached to the benzene 
as well as to the naphthalene nucleus. 

The 'isorosindulines differ further in being blue and green 
dyes while rosindulines are shades of red. 

Neutral blue is prepared by allowing the hydrochloride of 
nitrosodimethylaniline act upon phenyl-/3-naphthylaminc. 


f^NOa 


(CH3)2N 




Kitrosodime thyl- 
aniline 


CJeHs 

Phenyl-, 

naphthylarnine 



Neutral blue forms a dull brown powder which is easily 
soluble in water and in alcohol with a violet color. 

No change occurs on adding hydrochloric acid save when a 
large excess is used; the shade is then a little bluer. Sodium 
hydroxide gives a violet precipitate. The brownish violet 
in strong sulphuric acid turns violet with addition of water. 

Cotton mordanted with tannic acid is dyed a blue which 
is useful for mixed shades. It is not suitable for wool or silk 
nor does it long resist the action of light or soap. 






TIIH KVniUHHKKH AKl) HAFIIAMXKH 


:i2!l 

Basic blue R* Htiitiiii'r hliir iiy«* nf tin* 
it in II lirmiii t*rv''‘-4»l!iiii' iiiiil it in \\iitnr 

mitli II ntliir, If zluv filial mnrinril with thn 

Hiilntiiiin tin* f'liliir ; liiii it lii'rmiiri-, lilin* ngiiiii by 

i*\|wr-iirr lf» t!lr ijiiiiifi iif tip* ‘lir. 

IL rr-ni!!*-- fruiii llin iniiiiii i»f tin' !i\*ilr<«'lilorifli* 


! 

CbH«OH., 

MHO„E|0H3 

I «t 

mm i. 

II 111 Ibf’ iif lliin liyi* tiyilM- 

rliliflir iii'iii If'* »44r4t ?i bltir |iri fiilN It blilWl* 

lil;irk jiiri i|4fiii«* 1+1* liy 

III iiriil, flin i|yi« iii'4 lii a gp^j^wli- 

lirnmti liiris iipiii |#r«4iial Jififliliitii iif ii rfiiiltp 

f*i fII fir-4 tn i» fi#i|fi%fril liy tltil 

«if a |il'rri|iifiilfr 

iini|tiri4rf| m'illi liiiiiiiit ami tiilliir rtiirth* i.i4 ilfril 
Thh# ilyi' iwr^ 4 i#y iiitlniiiit l#tiiij. 
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Azine Green G,B. This dye h of in m 

to HOC the (‘ffcci of removing two inc^thyl grcnijhs anci u Mliiling 
of an amino group in basl(‘. hliut li. Tlic* rolm’ rhiiiigi-s roii- 
H(‘(|iumtly froin blue to grc^cm. Tin* methyl groiife^ mere 
Hituated in two neparated bcaizeiie ringH, tluih iiiiikiiig tlii’iii 
tolyl groupH. 

Azine gn^cui (LB. in mack* by the* action iiitromwliiiiiiJiyl- 
aniline upon 2.G. diphiuiylnapht hylene«tiaiiiiiie. 




Azine greem (LB. h ii diirk-grei*ii powder wliirlt h Hftliiltln 
in both wmter and ideoliol with ii gwaut vtiur. Orrr'ii jip^- 
eipitatea fall either on adding hydrorliliirir inicl or Mttlitiiti 

hydroxide. 

(JoncentratiHl anlplmrle iieid diwuolvep the dyi^ In ii lirtiw^itipli 

Bolution, but the* eolor turiiB to gnaui on iitldiiif wnirr* 

Cotton mordanted with tannin in dyeti diirl iiiieii. 





CHAPTER XIII 


THE QUINOXALINE, QUINOLINE, AND ACRIDINE DYES 

The Qitinoxaline Dyes 

The quinoxalincs were discovered by Hinsberg, who applied 
the term as a general name for the products he obtained by 
the action of diketones upon o-diamines. The simplest repre¬ 
sentative is a pure quinoxahne from o-phenylenediamine and 
glyoxal. 

OHO 

+ I 

OHO 

o-Phenylene- Glyoxal 

diamine 

Later those compounds of purely aromatic character 
were termed azines, of which phenazine is the simplest example, 

PJbienazine 

Flavincluline is the only important dye of this class and 
it has the peculiarity of possessing no auxochromous group. 
It is formed by phenanthrenequinone acting upon o-ajoaino- 
diphenylamine in glacial acetic acid. 
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Phenanthrene- o-Amino- Flavinduline 

quinone diphenylamine 


It may be seen from the formula that the flavinduline has 
phenazine as a nucleus. 

Flavinduline is a powder of a color between a brownish 
yellow and an orange red. Its aqueous solution is orange red. 
No change is caused by hydrochloric acid, but a grayish green 
precipitate is caused by sodium hydroxide, and this later 
turns to a grayish yellow. 

Quinoline Dyes 

Quinoline resembles both benzene and pyridine, for it 
consists of a benzene nucleus and a pyridine ring joined. 
It may be regarded as naphthalene in which a carbon and 
hydrogen of the latter have been replaced by a nitrogen atom. 
Acridine bears to quinoline the same relation that anthracene 
does to naphthalene. Indeed the analogy between the three 
nitrogenous substances pyridine, quinoline, and acridine and 
the hydrocarbons, benzene, naphthalene, and anthracene may 
easily be seen from the following skeleton formulas of the 
two series: 



Bexizene naphthalene Anfhria^e 



N N N 

Pyridine Qttinolme Acridine 
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Quinoline is a colorless liquid with a high boiling-point 
( 239 '^), possessing a characteristic disagreeable penetrating 
odor and a high refractive power. The nitrogen is responsible 
for its basic properties, through which it is able to form salts 
with acids. It turns brown on exposure to the air. 

Quinoline is present in coal-tar, in the oil obtained by the 
distillation of bones, in ^'stupp” fat obtained from distillation 
of the bituminous mercury ores of Idria. It may be made 
synthetically by the celebrated Skraup method of heating 
together nitrobenzene, aniline, glycerine and sulphuric acid. 

Quinoline yellow: spirit soluble (1882) is made from a 
mcdhyl d(U‘ivative of quinoline called quinaldinc, wherein the 
methyl group stands attached to the carbon atom next to the 
nitrogen in th,e pyridine ring. 



N 


Quinaldine or 
rt-methylquinoline 

When quinaldine is heated with phthalic anhydride, two 
hydrogens from the methyl group of the quinaldine unite 
with an oxygem atom from the anhydride to separate as water, 
while the union of the rc^sidues produces the c|uinoline yellow. 
In the formula, the double bond indicates the point of union 
subsequent to the removal of the molecule of water. 



Quinoline yellow. 
Soluble in spirit 


Quinoline yellow is a yellow powder which water will not 
dissolve, while alcohol dissolves it with difficulty to a yellow 
solution. 
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Concentrated sulphuric acid dissolves it, forming a yello■w^^^l i 
red solution, but the addition of water causes the separati^f * 
of the dye as a yellow flocculent precipitate. 

Spirit varnishes and waxes are dyed yellow. It is used 
making the soluble quinoline yellow. 

Quinoline yellow: water soluble (1882) is made from 
spirit-soluble quinoline yellow just described, by the actioi* 
of fuming sulphuric acid. Two sulphonic acid groups (—SOaH ,1 
become fixed in the quinaldine portion of the molecule. 
sodium salt of this disulphonic acid is the dye: 

^ .00 



The position of the two sulphonic acid groups is as 
uncertain. 

• This dye is a yellow powder which is easily soluble in botti 
water and alcohol with a yellow color. Hydrochloric aeitl 
simply brightens it while caustic soda darkens it. The yellowinli 
red solution in strong sulphuric acid turns yellow on addition 
of water. 

Wool and silk are dyed a prized shade of greenish yellow 
in an acid bath. It replaces the yellow dye picric acid. This 
color is very fast to light and is not sensitive to acids and 
alkalies; it is less fast to washing and milling. 

Its widest application is in silk dyeing. Reducing ngentm 
do not affect it. 


Aceidine Dyes 


Acridine, which gives its name to a few yellow and oranpt 
dyes of this group, is basic in its nature. It is a solid whicli 
crystallizes in colorless needles, which may be sublimed* 
Upon the skin and mucous membranes it has an mtensely 
irritating effect. Crude anthracene and crude diphenylaminit 
contain acridine in small amounts. Dilute solutions of it» 
salts show a greenish blue fluorescence. 
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The structure of acridine may be proved to consist of two 
benzene rings which are united in ortho positions of union 
by a nitrogen atom and a carbon atom, and it may be prepared 
synthetically from diphenylamine and formic acid. Diphenyl- 
amine contains two benzene rings joined by a nitrogen atom 
which in turn hold a hydrogen as shown below: 


/\/N 




Diphenylamine 


HCO*OH 

Formic acid 


When this is treated with formic acid, the hydrogen attached 
to the nitrogen together with the hydroxyl of the formic 
acid unite to produce water, while the formyl group (HCO) 
affixes itself to the nitrogen, yielding formyldiphenylamine. 


/x/fx/x 


\ys<lo\y 

Formyldiphenylamine 



HOO 

Formyldlpheoylanxine 

Zinc chloride acting upon this removes the oxygen from the 
formyl group and a hydrogen from each benzene ring in the 
form of water, and a molecule of acridine is produced. 





H 

Acridine 
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Aendinc* may now he* 8c*<*u to roiisi.st ilirrc* 
rings, th<‘ middles on<* (‘ontaining a siiig!<‘ nil rugori. Hds 
singl(‘ nitrog<‘n has sufliciont iidluoiHa* icj iinpart to llio wlioh* 
moiianih* a basic cluirnctcr vvlun'(*by it finiiis sailts \%illi 
By coinparisou with alizarine*, a vmy closr rcsniihhttico i.n 
appanmt, sinc<^ a n*placonH*nt of thi* siiigio iiitrogfai jifoiii 
l)y a (*arl)on with an attaclaal hydrogen atom winilil at oitc*i* 
(‘()nv(‘rt acridiiH* into alizaritu*. 

Hornet acridine products wear forincil as impurities tliiritig 
the manufacturer of rosaniline from aniline and tnliiiiiiiii*, 

For (rxainple, chryHaniliiut and crude roniiiicrrial rhryi-^aifiiifii*. 
known as phosphine, wi‘re ohtiiinf*d freiiii flit* waste* iiiali*riiil 
left, from the rosaniliiu: mc*lt wlteii thi* ursiuiic {irncesH was 
ermployed. Th(*scr dyes are more or less iiiijuire ioriiss nf 
diaminophenyl acridine. 



MMi 


«cry|fif 


Acridine Yellow. When w-loliiylenefliiiiiiiiie m Irr^iiteil 
witli fcmnaldeliyde a roiiileniiitbii of tliit*e itinleriites iiiin 
one re«iilts^ with flie Hepuratkiii of water m »liciwii kJiiw: 



4linio« 








A( fUniXK UVKS 


Xi7 

L 1*^* tii:!! if fly-, lif^V iiiic*#’ foiilil liiHf* 

M v.nfi *Lr' ' tHi||j, wilif'li lu'i* li4*r 

i' * \»' iHMypii hihI II firoiliii’t ri‘Mi*iiibtiii|^ 

.. M 1 W M J fr ,J» I Iii!iif ir Jii'jtl ||f'h4 l||» 0 || it , M|||itt il||* 
iii^ i * li iii:iifiiiifHliiiii*tliyltiy4ryiif’riiliiii*. 


MM 

j'’'^ / jKH;| 

' ,■ 

CH, 

Ilf 4fii#i« f irfifip 

f Ji'fjii'iiiliirl ri»ffiitri**i a liyi!rfi|Ci*ii 

tl » |3y44it* llii^ titiililli* rurliiill liliil 

'4 ^ ^4 fill# ihtuiim flu* riiiif, IIiuh 

4\#' i ^ Wilirll y P4|!i| ill till* flirifl 

I ‘ i I ^ i i ,%P 

ji« I ^ •4 ii#4i |rtiv;4f»r m'liit*!! ili.««-c»lvf*« mifli 

I .‘jfH ^ ,iii4 ;4 fli#iii#^y'i*iiri* ill Imtli wiiti*r iiiiil 

■ 41 , 


MH . 

1 

CH J 



MH.-BOt 


MMIm ffitew 


|iy«lrt#r|il«irir itriil all*! ii.iiiliitiii liyilrfitiflr fiiti^if* a 
yrl|ti%%' jfri^r-i|iitj|if* til fiili III ptr«iii|| Piil|iliiirir iiriil it fariiw 
II i*ri|ilil yi 41 ii»' friiiii wltirli ll•iililJt||^ iif Wfiti^r riiii«%i 

|i |if«”||iil|||i:? Ill ilt«jM»#|t,. 

iw 4U»>4 i yrlfiiw wllli ii gr«»tiiili Ummmmmn% 

rwt i«ft tiif.ifiliiiiti'^ft irilti tiiiiiiifi I* iiyffi yiflliiw, 

Acfliiat 0rittp 10 in n iiiiitiiirr %it«itiir l,4» 

tliiil fi.ir jtrriflittf yi4!i»w ifiiil fliii iiiltptitfirr^ timnl In 

witli fiitfiiiiiili4ifil^^^^ ililfi*ri»tif. Fnriii* 

fililiA|#i l« tiiniiflil wlllt iif« ltMill:»rtjJr*< iif »i>itiiiilii>- 
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dimethylaniline when a condensation with elimination of 
water takes place as follows: 


N(CH3)2 





(CHslaN/ \ 

OH2 

Tetramethyltetraamhiodiphenylmetliane 


|N(CH3)2 


+ H2O 


This product separates a molecule of ammonia on treatment 
with hydrochloric acid and a closed central ring is formed. Sub¬ 
sequent oxidation removes two hydrogens as explained under 
acridine yellow and then the product is acridine orange NO. 
The hydrochloride of this is the commercial form and it usually 
appears crystallized with one molecule of zinc chloride, as 
shown below: 


(CHalsN, 



NfCHslaHCl 


+ ZnCls 


The dye is an .orange-colored powder which dissolves to 
form an orange yellow solution with a greenish fluorescence 
in both water and alcohol. Hydrochloric acid turns the solution 
red. Sodium hydroxide caitses a yellow precipitate. Its 
solution in strong sulphuric acid is almost colorless though 
it possesses a greenish fluorescence; addition of watey turns 
this solution orange at first, then red. 
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Cotton mordanted with, tannin is dyed orange. Silk in a 
boiled-off soap bath is dyed orange with a greenish fluorescence. 
It is moderately fast to light and to the action of soap. 

Acridine Orange R. Extra. In this dye, the effect of the 
addition of a phenyl group upon the shade of a color may be 
observed. The only difference between this dye and acridine 
orange NO is a phenyl group which replaces the hydrogen 
atom attached to the central carbon atom of the molecule. 
This changes the orange dye to an orange red dye. 

To secure this difference in composition, it is only necessary 
to select benzaldehyde in place of formaldehyde, where the 
requisite phenyl group is brought into the reaction at the begin¬ 
ning. One molecule of benzaldehyde is condensed with two 
molecules of m-aminodimethylaniline; this is carried on in 
an alcoholic solution by aid of the dehydrating action of 
hydrochloric acid. 



N(CH3)2 


N(CH3)2 

N(CH3)2 

■N(0H3)2 


Benzaldehyde m-Ammodimethylaniliiie 
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From this product a mok^ciik^ of ainuHUiia is HOjmratt*il, 
forming a cIohcmI ring c(UitraL with tin* rc‘.sulf of yielding the 
lcu(‘.o compound of ih(‘ dy^s wlaui by oxirlaticni two hydro^jui 
atoms arc nunovcal, tlu^ linking of tlu‘ c*<‘ntn 1 nitrogen ami 
carbon atoms o(!curs arul thc‘ dye* is produced, liyiiri»- 

cliloric acid salt is the comm(‘rcial form (»f the dye ami its 
conHtitution is shown Iniow: 


( 0 H 3 ),K 



\/\N(CH;i) 2 *H 01 


/v 


Acridine amage R. mtm 

It appears in commeret! m im cn’iifigc* red {imviler mdiirh gi%v.s 
an orange yellow sedution, while in aieolioh in addition to the 
oranges yellow color, there ap|M»iir« a greenish fliioresri^iifTn 
Hydrochloric acitl turns it md, wliiki widiiiiii liytlroxiilti 
produces a yellow pwudpitiihn 

In con(^<mtrat4*d sulphuric^ iieicl the soliiiioit m yellow witli 
a greem fhion‘Hcenc4% while an ftcldifioii of wiik*r ftiniM it ml* 
Cotton is dyed orangit n*d liy iikl of n tniiiiiii iiiiirclitiil* 
Leather Yellow, Phosphine N., Phosphine P* In I lie iniiiiii- 
facture of rosanilhie tir fiielisiiie liy the sirmuiie iiriil imhiutmu 
process a large amount of wn8t4i procliiet %vm Tlih 

was of the naturc of ii dye and Ixuiig too viiliinlilf! to flimw 
away was w'orkec! up and put on tlie itiiirkei iiinler a viirirty 
of names, e.g*, maroon, gnmiicliiiiy geritnitiiii, 
roth, Hcarlet-cardiniil, ciiirieliii, itniariiiilti, IliMMinii fiirli-piiii* 
Heark4, findwine pcinc»eaii, fiicdwiite yidltiwteli, etc. Tfit»i 
different names wim* usfal by various fimw for jiritrileitily 
the same product—iiii impure pfiospiiiitc* 

Itesearch upon phosphine proved it to Im* iitiiiiily the sub¬ 
stance known as t:hry»aniliiit% whiidi is it derivative of iieridiiie. 
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The waste product from the rosaniline manufacture con¬ 
tained mauve aniline, chrysaniline, rosaniline, violaniline 
and resinous matters. The process of extracting the chrys¬ 
aniline was more or less difficult and tedious. By boiling 
with hydrochloric acid the violaniline and resinous matters 
remained insoluble and could therefore be separated. The 
rosaniline remaining was destroyed by reduction with zinc 
to its leuco compound. 

The chrysaniline which thus made up the bulk of the 
phosphine was an unsymmetrical diaminophenylacridine of 
the following constitution: 


/\/ 




N. 


\/\ 


/\/ 


NHa 

Phosphine P. 

Leather yellow 

It comes into commerce as orange yellow powder which 
communicates a reddish yellow color with a yellowish green 
fluorescence to its solution in both water and alcohol. Hydro¬ 
chloric acid is without action while sodium hydroxide produces 
a bright yellow precipitate. Concentrated sulphuric acid will 
dissolve it with a bright yellow color and a greenish fluorescence, 
from which addition of water produces a reddish yellow solution. 

Leather yellow is used especially for dyeing leather; it is 
also employed for printing upon woolen goods. Cotton is 
dyed yellow by the assistance of a mordant and the color is 
moderately fast to soap but not to light. 

Benzoflavine is a yellow dye for mordanted and unmordanted 
cotton. For silk and wool it is of less importance. As in 
the other acridine dyes, we have here the action of an aldehyde 
producing a condensation of two molecules of a diamine so as 
to yield acridine as a nucleus with various substituting groups. 
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One molecule of benzaldchyde reacts with two molecules of 
m-tbluylencdiamine. From the relative positions of the mole¬ 
cules as they are placed below, it may easily be seen how 
its three molecules become joined by the elimination of a 
molecule of water and one of ammonia. 


Hi 


nA 




H^C 




m-Toluylene 

diamine 


HoNi 


A 


NH, 


A 


CHs 


m-Toluylene 

diamine 


HCO 

A 


A 

Benzaldehyde 


Oxidation and union with an acid of the intermediate product 
formed above yields the completed dye benzofiavine. 


/N. 


H3C 


v\i/v 


NH2-H01 

CH3 


Benzofiavine 

Benzofiavine appears as brownish orange yellow powder 
which dissolves slightly in cold but easily in hot water to which 
it communicates a yellowish green fluorescence. 

An orange-colored precipitate falls where hydrochloric acid 
is added and a yellowish white one when caustic soda is 
added. In concentrated sulphuric acid it dissolves, exhibiting 
strong green flourescence; this solution turns yellow and 
finally yields an orange precipitate as water is gradually 
added. 
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solution tLe same reaction proceeds very rapidly. If strong 
reducing agents are employed; as for example tin and hydro¬ 
chloric acid, a complete splitting up of the molecules occurs. 
The decomposition products include para-phenylenediamine, 
para-diaminodiphenylamine and diphenylamine. These facts, 
coupled with knowledge that energetic oxidation converts 
aniline black almost completely into quinone, leads to the 
conclusion that during the condensation of the aniline to 
aniline black, the nitrogen of one aniline radical must attach 
itself to the benzene ring of another and further moi'e in the 
para position to the nitrogen atom already present. 

Aniline black is rarely sold in the completed state, but is 
developed upon the fabric. It is used for dyeing cotton and 
in calico printing. It is less employed for wool, which, to take 
the dye suc(;essfully, is treated first with chlorine. 

Most frequent use is made of potassium bichromate and 
copper salts; but since, in printing, the copper salts corrode 
the iron parts of the printing apparatus, these soluble salts 
of copper have been replaced by the insoluble sulphide of 
(•opper which, after* being printed upon the fabric and in the 
presence of air and moisture, oxidizes to copper sulphate and 
then assists in the intended oxidation. 

In printing a mixture of aniline hydrochloride, potassium 
chlorate and copper sulphide thickened with starch paste may 
be employed. The printed goods are hung in a room with 
moist air heated to about 30*^. At first an oxidation of copper 
sulphide to sulphate takes place and then, through its action, 
the aniline salt becomes oxidized to aniline black. Vanadium 
salts have now largely replaced the copper salts. 

For printing, it is important that the change from aniline 
to aniline black shall not take place in the paste containing 
the mixed ingredients; otherwise the paste would soon become 
useless, hence the more vigorous oxidizing agents such as 
chromic acid manganese peroxide cannot be used. 

In dyeing aniline black a constant excess of acid must be 
present; but in printing this excess of mineral acid would 
injure the fabric and besides stimulate the formation of aniline 
black in the printing paste. In place of this acid it is often 
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cuHtomary tc) (^niploy aii nf fri'i* uniliiir niiil intrfl) g 

replace the aniline hydniclilfiriile wiili .iii alkiili 

Such a jnixiurc^ will remain ii hmif, time feriiiiiig im 

aniline black and only developifiK that folor jiftii* if hm imm 

af)plied to the gcMulH mid Iteeii Hiilijertefi to a i^eriiiiii lieurri-e of 

evaporation and conMeffiieiit dryitiii: t!ie fibre. 

A (Iwadvantage attending tin* t\ymm atid printiiiii nf iiiiiiitie 
black in the tcnnicmcy to turn to ii greeiibii bliirlc oii i*%|M>:*4iire 

to acid fntneH; ever m i^liglif itii iiiiioiiiii of itmirn ii.t* 

may lie panned into tlic* iiir tlw* biiritiiiit of ^nlplitir t'oin- 
poimdH eontained in illiiiitiiiii.ti!sic |mt4 .^iiflieeM !« rliitiige the 
nhade of goods flow exposed* The reiiieiiv ii**' ii more enrrifi^lir 
oxidation during tin* iiriiiting, irliieii t^eeiiis to |tri»4«*‘e a Idurl 
far loHH Hensitive to tlieH* ftiiiies. 

In the dyeing of cut ton a ^^liotig ^-obAiiiii of atiiliiie 
ecmiitining free aeiil and be'liioiiinff* ptojiaied 

and the cotton is iiiiiiierwl fliereitL ^tuoii tb«^ '^ohiVioii ^ 

is heiitcal, the fh*velfi|ied iiiiiliiii* blaiT atpu.ln*.. in 

fibre. The aniline bkrk tbii** piodiitril i ftori'ili'd info tb»' 

innoluhle hime by pftssiiiif the good^ llifiejgii « tniifaiinta* 

Boclium carlamiite or »ll^jlellfled f'liidk. 
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im ALIZARW DYESTUFFS 

Ttirkey Rt4. Tliw lirilliiiiit fl%f% cut of tt« fiwfiicw 

1*1 iiii*! Ii» miwliifig, liiit4 liiitir hflil in fhi* hi|rlii»Hf. 

It-,*4 iinr in \tm kitinvii tu tin* Pori4iiii«, HincfcHim^ 

mui Hit' uf Tiirki*y rril in flic* wm|tiiii*K« 

of firiMif tif ilK i^i'rnf. mtti<|tiifi% 

Tlw Ilf I lit* iiyi* fill* rtii*t nf tlii* jilaiit liiibiit 

Ifirtiiii, tifirii riillwl itntil*li*r nml. ¥rum tin* KiiHt 

ilir jiiniit IIfir4 iiilrofiitri»4 iitii# !f:i!\' iiinirr flii» iifittii* 
tif Li/,IIIi »i lli/iiiL It*" riilitviifinii bofiiii in ffnlliiiiil ill ilit! 

#4 tlio frill li mil III y. Ibr riiltirntJoii Mfimnt 

iiiiifiV *tf tlio rot|iitrii*-f »if iiiiilflir innl routlif*rii kitirofiii 
ririiiiiiiily to Sntih Stiiiflt 

Miviilrr ¥ tfir fiiltii in iiiiirfi I in* f|yr*'4f iif|‘ vmui* iiifn tlin 
If iH It fiiir liiirL hftmmAi r«*4 iitinlr by gritnl- 

iiilt flir iiiiiilfirr wliirfi Imt** in 

liriipi mill ibrii 4fm¥ Tin* , liiiwrvtny nxlii!iit.ii 

lift inl riilio^ biil if roiitiiiii* n ritlirryittric! itriil 

% 1 'liir!* by iii«l of t^^rmrufntum fir iiritln h broken it|i iiilo ii 
Piiriir iiini iilkiifiti^ flir tiiir li^irnlnff, iirroriliiiK ti.i tliii fcilliiw- 
iiig ri|iinliiiii: 

+ OnHiiOafOaig 

Wliilr ?tti«ririii tJir rbirf rfiirftitiif'til i« mmibhr of valiir In 
till* flyri'i it iirriiifi|iitiiiVi| In* oitii^r 

fitir|iiiriti Mini Miiiifiiti, Iir4«lr» fiinl itigriMlkiifi; 

iiMfiiiif llir rliib«r»t«* iifirritl Pifw itf Wiirii fififiltf 

Till* iiiirifiilfiiriil firwliiiilifii of fti«* iii»«lflrr riinl find ftiri 
of iili/4irin w$%h utiiifiriilf i lifrntritird tit IMIli 

:II7 
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with a rival ailifirial pnicliai from flinni^li f!ii» 

e.ovary of two (ha*iniiii rlaiitiHlH Unii^n' hipI Lp‘l«Tiii;iiiii. 
TIkw found that wlirn alizarin wii.*- IiPiiifti miili ziiii* 
a new Huh.stanee known m miliirai'iiii' wit?' iHnnrd. Iliin 
dearly showed alizarin to hv a derivafivo of iintlintniio, 
a lon|i^-"knowui pnidiicU of r«ial-fiir illiit ion. 

These ehcunistH a.t oiiee sf*t aboiif I hi* tnnk tti revi-rN-ifip* ilioir 
newly diseovcTed reaetion in I lie hope of firodiieifii; dlmmi 
from eoal4ar anthniecme. The iiiteriiif^ime n 

Hul)Htiim‘e of quinoiie eliiirmier, ihoiud* it liof Liioiiii 

to them, tlu*y eiilled iint!ini«iiiimt!ii% iiiai at tie* liiiw* 

thc‘y regardi'd alizarin ns dio\yiiii!!ii:P|iiiiioiir. Hu nnit^li 
haci ilictir fusion of alimriii %vitli /iiir iliifil nn’raleti in ! beitn 
The reeoi^nition cd alizarin as iiiii\yitfil!iriP|iiiii«*ii*^ hoo' 
immediate fruit, for it eiiaU!«*«l fliew to olilnin aiizfiriii liy 
fiisini^ ilibroiiianthnwfiiiiiorie %iitlt 

This ftrsi auvepm of a ilf‘iilterfile iiilimtioii to |ire|iiirr h*ll- 
ciilly a dyestull is one of the iimsi illiisirioiis tri'lniiriil uilum- 
inents of incMlern it iiliiiost willmiii |«irfiH<4 In 

tlie. (diemifal teeliiiiiiil eoiiM'»i|iiriiet*« resultinr ftoiii if. 

It was next sought in siilwfifiite lim riii*ii|irr siilfiliiirio 
aeitl in pliircf of the lirfuiiiiie, to form ii arid td 

imthriii|uira)ne wliieh slitiiild in I urn by ftision %ritli rmisiir 
jioiiish result in the foriiiiiti«ii of itliziiriii just im ililiiorn* 
fini!iriu|uhioni‘> liiid |irf*vioii.4v doiiin 
Tlie liihors of C*riielie lutil im poiilme 

iilimrin fnnii ii siiipliimi** arid of aiiflineiuiitoii** aifi' jailinrw 
I>eeiiii«c! they <lid not iine ii le.fli ft# 

convert their |iritiiiiry inatfuiiil anfliimpiifione iij»i %iil- 
plionie iieicL H. Taro, lioiie%aiv i*v fuiijilomiif -iilidonir iirid 
at ii teiiiperiiflire of 2lMf' T , liis 

fin!lirinpiinoiie iittd olitaiiiiiiif a pfo^iinf mhirh on fiemui midi 
jMdwh yielded filirairiin t#riiet»e aiat Utd^fiinafiii fiigeiher 
with (Wo pfiteiiteii fids prorr/^^, ivhile at alHeisi the stitne ilnfr 
Perkin piilmifed proia*ss in Eiiidaiid. 

AHzarItt- Fun* idknrsiii'^tif iiiifuaiigeyriiim folor 
in wafer iiiiil foiiml in t!ir I nidi* mifli iiaier in flie fmm 

of a 2(1 per rent pimti*. li h stJd iit the tlry ittim f«ir 
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tlii* fli.’it if r:4iiiifit hu fiiii4y divi«lt‘fl or so 

. *i*'i I--'Ii iii tlimvjitrr of tli«Mlyf‘-hjtt h. l'kpi*rii*rH‘e 

L:r- 4hfimii Ilia!, ^iiHoifli tho in in fonri h ri^i^niclnd 

♦ 4ill lit II lint riiffifii*iil fi(*|rrc*<* 

4* ;t ilu’ ttiiili* till* lirFcl iiliznrifi liiw 

!* t 111' 

to. ii od rujor ton fiihrii*, 

F i* f'Mi uMd j? i FioindJ in willi n irionliiiit» 

710 I Viifh ttliifli tlii* lihrrM nri* r!nir|.c<Hl. 

F' fv/i-,* *Fil;n it to roiitUino witli tin* iriorfliiiii 

imIi hi; .rdttilii* llii’ Ilf iiliznrifi fiiii! tiionlnni 

I los 4 ’4;.-'7' '* lirofiitiinlly tiioilify 

ir** |f!Ill fill' 4j|,,r Fii'ftr** till* Ini!liiiiir\ of Ttirkoy rnil 
I .Iff 'j |/#* |,r#,«r« iiirr^'nl'y to Hrroiiifilwli ltii?4 will 

ko < n 4 i4'i 

fr* kiil^ ;4 dilfn m till* wnv of till* i'liiiiiiinrfilil 

04'onFt foir »'ii VO lo foi*;it, hiil 

Olid tfri ‘.oi I :i4f 1*1 Mfv V Itrioiliii* iifii* iif fli<* iiiiiiii pnilifir 
^*170 *4 o 'o Li77#i*i to till'riiliir iiiiitv^fry, 

i'ii« o |iiM4i|i*'ii III ijimpi* fur iliiy of t!i«» your 

1^%%^ 1^1 is^* ||i I I'l rPfJ |t|f It*, I\l*l*|i oiiiiijiotifiiiii iiiiij 

frodv' if nI iFr liiWofoil till* |iriri* Ilf 

,4io’ii4o IO'jfii 4fl |,i’r jwiiiiol fill* u III roiii |iiif4t4* 

lo IhTii I*, 'fj !i jptniol iiir II 'ill f«*r roiti jtiiiif.i* iti HMMI. 

Altoair. 4 loif fo'.r 4‘inN4rii in oiili;4if til inn fitiiit iJiiii 

|44t4|4|if ol I/O 4* imitiiorinno llir fnriiiiilii iif 

to* flint Iff lot I fF til II if IIV' irifli tilo itililit ititi of 
niinfinn" i :>jl no sni|» ||rii|i|iit‘iil forililllit F nIftWIi ki tilt! 

iliiigritiii 
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This hydn)f‘ar}H>n is finintl iii that |n»itiori of llii' iilali* 
of roul-tar boiling uhov(‘ 27(P(’. TiHior l!‘i* iiifliif^nn* uf iiriini- 
mato of potiish and sulphuric' arich tia* rcuitrni raiiH»ii atfuii^ 
lose tli(‘ir liydrogcui and takt* on oxyicfug 
the anthracene into anthra(|!iiiHUie^ whose ftirimila roviails 
the change. 




7 



fi 

V ✓ 

.1 

V ✓ 




This substance is pale yellow^ but it develops n liiore flf'fidf‘i! 
yellow to orange color when by fiirtlier tiiaitiiuiil if i.:^. riiii%‘ertr*l 
into tiie hydroxy! dc^riviitivc* wliirh is ali/iiriii 

Of the many poHsitile diliydroxy derivatives id liiillirii- 
quinonc% that orn^ iiloiie cnii prodiicf* I’lilors ivill! fiiitulniiN 
which has tlie hydroxyl groii|iH in the I'2 I** iIh* 

earlKiiiyl group of aiit!inii|iiiiiiiiifs Tbiis niizjiriii aliifif! 
poHHesHCH the power of dyeing prepiireil iiinrdiiiiteil yarns or 
efoiliM. 

Below in given the foriiiiihi ul dmmm: 





To iiiclieiile the pciHitioii of griiii}» in tmtli liiittirinjiiifitifii* 
mid iintlinicene, iwe iiiitile nf ii uf 1 K im fliffirti 

in the figure arid the iiiidflle ritrliofw lire imikmv iiiiiiilierrtl 

9 iiitd lib 

Ali/uiriit frysinllixes iit fhe furiii of iei|fli%!i binii'it 
wltieli dissiiBa* ►lightly iii nl#’'tihti| loitl ^^riiiitly at jili iii 
wilier. The ery.sfiiO iitelf iit L«fil‘fb iin«i .iildiite* iil n 
higher teiiipenitiire in InmulMul long toil iieedlo'^* If 
with ft violet wlor in ii siiliiljiin uf Mliait, lYirtiuii 
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riiiiHi**4 II |irf*i frifiii of tho 

i4ii!t \li/iiriii h In fflitliulii* nri<I hy iiilrtc* itrici 

liiifl S“* III In' tioatiiij! with /Jtir ihwi. 

Aliiiirifii* ri*iiiliiiiri4 wit It li)ilr<o\itIo.H to 

fiiriii riilfiii-'ti liiifi tiiri»r an* ttii» iiiMolnlilr ily<»H whioh 

in i!io filirr.i* of fabrir.H, (If tlii! varioua 

i*iih four mi* iiiiirlt in |triirtiriil flyoiiig; ilioM«* 

fiiriiii il liif' iit'tioii of i!if* li)ilotirrt of iiliiiiiiiiuiii, fliroiiiiluii 
liin! ifofi iiiiti fill fHi #ili/4triii. Tin* iiliiitiilitnti !akf* w rod, 

tFat of rlirfiiiiiiiiit vluirt iind tliiit of iron liliirkiHli 

, lloit of tilt 

For a !«ii.K tsiiir flir lirli! tloit it wim iiiitlirn* 

a# id on fiidoii with |»o! 

irolf^oddo jJiiidtpifl alf/niiii. Iliiw virm nm lator ^liowii 

to laF*/ for ini!i fho of iiiittiniqtiiitoiin 

i/i%i ill*' jirifFn ftirioii with 

li%4oo«ido foifiidw'il iJojiiir|niriii iiiid /loi?o|iitrjiuriii 
Ffifii tf| iiliifli iiir oof ill Ifiii frio%iAa a 
liintfil III f4fl, kfiowfi lo n frw trrliliiriil rfiotiiiiiii^ 

ii4 1^71» lint it wo- loti foiwraiiy known iiiitil it \iai4 piiliiyiod 
fi%r Fiirr h\ iVrMfi 

Ftir tfiiiiiiion ill! tirntfiifiiffiip* nf lltit |iiiri*ht 

i'* T!io ?i!if ii front 

iiiiiliriMi iir hr orpiiidfiio ti'init Irtt'liroitiiiti* of jiiitiipli find 

^ili|ilosiir fii ill, lit iro SI M rs'iit liiilltmriW HfOti|itoyoii 

iiiiti fhn hr f>lrmn ilf’ltlFiiifiii y rlifsiiiirfi iotii ii fiiio |iiiwilrr, 

TIsr mtdfiilfiii 1% fiirrir«i «iif iii Iraiidiitril vfif^i iirriiiiicod wt 
itoit flio tfikltiir MMV liratrii hr din^ol If oftly 

tlir jrioo'i giiiliiiinno n itiiif itii* iiiirtiiro w 

tiiif tfpi roiirnifnilrfl, i!ir niff linn jiiiiioiir otii m ii 

wff if'iv Wftdiiitg fror« if frtiifi nil iiriiL Tlo* liriod 

iioitiraffOiiPfiK* i# fiia^ilrni in ralni! witfiliiirif 

lO'ifF liiid it |iri\f|iitiiff^i iis a |iiirt*r 'ifiifi! hv tlir iidilitJoii 
$4 wiitrf. tf y foilb'r fnirilirfl liy }SIiifi«ti wilfi miirnkmiml 

Pf# Hlfl. 

To riiotrli it info IlilillflMiiljiiiifliir firii!, if IlllWt In* fl 1 *fllrft 
mifti ftiiiiiiii ^til|itintir iiri«i roniiiiniiir 1.1 |#*r rmi of piilfiliiirii' 
aiili|ilriilr ill lli^i lowril TImi /I-iiwimi' 





352 


COAL-TAR DVKH 


Hulphonic acid (the Hulphcmic groiij) in the ponition St>, 2 in 
the forimila) Hc^eniH to Ik* tlic* ehicd prod net, while the* rt-acid 
(having its Hnlj)honi(*. ac*id in the* p«)Bition No. 3) in formed 
in Hinall (piantities only. 

Tlui /y-monoHulphonic acid c*an he H(*paratc*d from Hoini* 
disiiI])honi(*- acid unavoidably foneH*d by the* partial cryHialli- 
zation of tint Hodium salt of the* fe)nne*r. By partial iif*iitriili« 
zation of the^ aedd mixture*, the anthraepiiiieme nionewulphcimitf* 
of Hoda He‘parate*H at first. The^ prcK*csH is c*iirric*d out so iw lo 
form as little^ of the dinulpfionic ac’id as poHsible*. 

In the^ old me*thod e)f alizarin manufacture the c^xiihifioii 
proe*(\ss de*pcmde*d on tiie* oxyge‘n eef the nu\ and coiiseeiueitlly 
in e>rde*r te^ give^ the* air frce‘Ht possible* arc'iw lo the fiisi* n 
it had to })c^ Hpre‘ad e)Ut in thin reel layers in nhallow vessids. 
But this med.liod has h(*(*n Hup(*rHf*dc*d feir more tliiiii twmiity 
ye*arH. Pe^taHHium e*hIcH'a1e is mew used to furnish the iiiTessiiry 
oxyge*n ami tin* ope»ratioii is carried on in eloseil vessels liinler 
proHHure*. Tlic^ ml vantage* of iii(*Iting under pressure is tlii* 
e*aH(^ in re*gula!ing the tempe*ratlire*, espee'inlly iiliim 
wat.eu' Ls pn*H(*nt, while* in open ve*Hs<*Is a iiiiicli gri^nter ffificeii- 
tration wm m*(*e*Hsary tee re»iteh the* reefuiresl feiiiperiiitins 

One part tif anthriM|uimuif* imimmiilplaniiile of hoiIii iuhI 
tiirc*e parts of WMliuiii livelroxidc* are* plnred with potlissiiiin 
c’hloratc! and a cK*rtain amoiiiit <»f water in a liorizonlal 
drie*al iron keitle provideni with a Hlirrer. It m thrit slnieil 
and hemted for a long liim* to 2fMf' {*. 

The fusion is the*n disHoIved in niter iiiid I lie nlizariii 
precipitated with hyelrof*liIorie neid, wLirli ilee’iiiit|.wises flu* 
Hediilile Hodium eoiiipoiitid, HCtliiig free the iitHoliihli* iiliziiriii 
to m»ttle as a preTipilitte. 

Alizarin appeiirs in eoiiiineiTe m i% yellmv paste eitiititiiiing 
HO per cent of watr*r. The reiwoii for fudlifig it iih ii pn^f.i* 
m that it forms a jwiwiler when ilrieil iihirii m flillirii!! 
to distribute in water in a siiffiriefitJy fini* iiiiii 
e4m<Htion for dyeing <iperiifioiis. Biif wlieti lo tmlm, 

it is in tfie form of n dry pom'der prepiireti froitt it piiPfe jirr» 
viounly mixed with «tiire!n Wficn this ptmihr I Inis |irr|»fiid 
is pkccid in water the swelling of llic itiirtdi gmmim mpurntm 
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the particles of alizarin, foi-ming a thin paste suitable for 
the dyer. 

Russian dyers, however, purchase alizarin in the form of 
a dry powder, which they dissolve in caustic soda and then 
precipitate in the dye bath itself with hydrochloric acid. This 
process is said to give more intense dyeings than those obtained 
with alizarin in the paste form. ' 

A distinction is made between a Iduish and a yellowish 
alizarin. This does not mean that a pure alizarin varies 
in color, but simply that those varieties of alizarin found in 
the market are somewhat impure, the bluish being the purer 
of the two and the yellowish contaminated with both of the 
trioxyanthraquinoncs, isopiirpurin and /Zaropurpurin. 

Appltc^ation ov Altzakin" in Dyeino 

Immemorial usage in the prodiudion of Turkey red with 
madder brought the art to a high state of perfection by the 
aid of empirical processes most elaborate and tedious. The 
success of this highly prized color involved, according to J. J. 
Hummel, in the emulsion process no less than fourteen different 
operations. Beautiful results were secured by its use. The 
yarn was first boiled in a solution of sodium carbonate and 
dried, the worked in an emulsion of oil, dung, and sodium 
carbonate, steeped in water and in sodium carbonate, sumached, 
mordanted with aluminum hydroxide, dyed with 10 per cent 
alizarin sumach and blood, cleared with sodium carbonate, 
finally clearing with soap and stannous chloride. To finish 
these processes required about three weeks, but a genuine 
Turkey red was produced, brilliant and durable. 

The substance which remained upon the fibre and gave 
the red color was not a simple lake formed by the union of 
the acid alizarin and the basic aluminum hydroxide, but a 
more complex substance which contains besides these two ele¬ 
ments two other inorganic bases, viz.: lime and stannic oxide 
and in addition tannic acid, fatty acids and sometimes phos¬ 
phoric and arsenic acids which with the alizarin constitute the 
acid portion of this very complex lake. Turkey red, therefore, 
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strikingly illuHtrat(‘H Ihc* nilv tluit a r«»lur Hlahl<* in prn- 
poriinn to (}h‘ runnhcr of (lilT(*ron! ('(ant if iioiilH cif tlio laki\ 

hi (ly(‘ing Turk(‘y nal, fho cnily nionlnril Iijiho wliir'h is 
(lir(‘(*tly applicMl is a salt of lalmniritnn. Tin* lima aiiil sfaiiiiio 
oxkht (‘ontain(*fl in the* final artual lake* ar<‘ infrodtiri*!! iliiring 
the (lilhoTuit. operations of dyoirig aial cdoariiig. 

Yarn is mordant(*<1 hy irniiHrsing in a Holiition of iiltiiii nr 
alumimmi sulphate^ and tlnm in a l»atli of sfidiiiiii ofirlionato 
or eduilk, Th(» same* monlaiit answors for prinliiig mlir’o nr 
other f'otton fahne*s. (blc»n‘d d<*sii|fH on a ivliifo rrotiiid ar** 
H<‘cur(‘d hy printing tlu* nno’danf on llio plarf^s tthirli nn* 
later to appenir colonel. A sporial liHirdarit for lids pnrpioa* 
is pre‘piin‘d l>y adding a sohitmn of aliiiii to n Holiitiint nf li*iid 
acetate* insufncierrf le» cause* a tot a! or coiiipli'fi* iloiililo flooiiiii- 
pejsition witli the addition e»f some wHliiiiii Tlio 

Holution contaiiiH hotli hasr iireiitfi* ain! luisir Piiliiliuft* of 
aluiniimrn. \limiinuin acelato iilorio Iosh 

results^ feu* It niake‘H the* gewds iitijwr'viuiifi to wiitir itiid illffi- 
(*ult to wed. end. Htarcdi is itnod fei fliiVkiii liio fiiifriliiiit in 
printing. 

The ahunirnim hydroxide* in jiroripitiiird friiiii Ihi*! |iorfiiifi 
of the Kediitiori whiedi Iiiih aediiaPy {MUiotriitnl flir film* fiy 
the* following oporalieuis; Iniw iln* liydriixiflr iii n 

granular and not in a goliitiiioim ffiiiditioii. 

The goenls urn Iiiing in a lurgi* rmmi lci*{it iii ii U*Min*mttm* 
of 32~4(l® C,k with e*a«*fiil rogtilaf iiiii of itii* iiitifiiiiif iif 
prf»ft<*nt. Hon* ii roiiniifis iirifil liy tin* of ii 
|KUli<iii of the* aertie acid, tlio Hilts nf itliifiiiiitiiii b♦n|^^|o inup* 
basic anil lit the* mmii* I inn* nearly iiiHiliifdiu 
The* netxt eiporafioiu e•^tIiod diiiigiiitf, rottKiVfs in ftn* 

goods tliroiigli a hot bath wlihdi roiitaiiiM (fir jtig’si 

dung and chalk* Tin* siilpliiiric iiciel ittiil m'liiif Oiiiidiw of 
tlio iieidfc acid in roiiiovoe} by flio ctiiill, mdiilr by iiiorfiiifiiriil 
action priitcipally, tho diiiig jirorriilN iiiiy lirlarlioil piirt^ 
of the* nioreliinl from coiitiiiiiiiiiifing tin* mbitr purln of ilir 
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lake. This is proved by the taking up of an appreciable amount 
of fatty acid during the process. The stannous hydrate works 
on the brown impurities fixed on the fabric with the alizarin. 
It reduces and thereby decolorizes them. At the same time, 
it is itself gradually oxidized to stannic hydrate and this 
combines with a portion of the alizarin to form an orange 
lake and thus the entire red color is brightened. 

Another method of securing the same brightening efh^ct 
is to pass the dyed piecc^s through a moderately warm bath 
of a solid)le stannous salt, nitre chloride of tin. This is formed 
by the addition of stannous chloride to an equal weight of 
nitric acid. 

The fastness of alizarin red depends upon the presence 
of fatty acids or oxidized fatty acids. The soaping operation 
does not furnish sufficient fatty a(dd and the other operations 
arc^ required to thoroughly saturate the fibre with this necessary 
substance. Turkey red, the most permanent color obtained 
with alizarin, contains the largest amount of fatty acids. 

The oil upon which the dyers uschI to depend to furnish 
this fatty acid in the old method Avas called huile toumante 
or gallipoli. It is a variety of olive oil which by partial decioin- 
position contains free oleic acid and this forms an emulsion 
when used with alkaline carbonates. 

The yarn fabric was passed through an emulsion of this 
kind and then by exposun^ to air a part of the oil was oxidized 
to compounds insoluble in alkaline carbonates. This process 
consumed much time and was very tedious. 

Rancid gallipoli is no longer used, or at least infrequently. 
The so-called Turkey red^^ oil produces the same result 
more efficiently and more rapidly. It is prejiared from castor 
oil by the action of sulphuric acid below 40° C. and washing 
with brine or sodium sulphate solution to remove free acid 
and then neutralizing with ammonia or sodium carbonate. 

Though the composition of the product is somewhat uncer¬ 
tain, it is regarded as the alkali salt of ricinoleo-sulphuric acid 
CirHasfHSOs-0)00011. The process of oiling may be carried 
out before or after mordanting with aluminum hydroxide 
or even after dyeing if the process is subsequently assisted 
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by steaming. In some instances tlic Turkey red oil is added 
to the dye bath itself. 

Tannin in some form, as sumach or catechu, is added to 
the dye bath, for by uniting with part of the aluminum hydrox¬ 
ide it forms fuller shades. Glue may be added to form insol¬ 
uble compounds with the tannic acid and thus protect parts 
of the design which are to remain white. On heating the 
dye bath, the aluminum hydroxide on the fibre decomposes 
the finely divided compound of tannic acid and glue and it 
becomes saturated with tannic acid. 

It is absolutely necessary in the production of fine shades 
from alizarine that there be not the slightest trace of iron 
present, which changes fine red or pink to a dull red or even 
brown. Special attention is therefore required to guard 
against traces of iron, but as the color in printing is in constant 
contact with the steel scrapers (called the doctors'0 
printing rolls, traces of iron cannot be prevented from being 
taken up by the color, but the presemee of iron even is harm¬ 
less if it can be prevented from entering the alizarin lake 
in the ferric stat<i, and this can be effected in several ways. 

Addition of stannous chloride or stannous hydrate reduces 
all the iron to the ferrous state. Arsenious acid, by combining 
with th(i f(UTic iron to form an insoluble salt, renders it harmless, 
for this salt is not decomposable by alizarin. If sulphocyanidc 
is added to the color, the iron, oxidized to the ferric state 
by nitrate of aluminum, forms a ferric sulphocyanidc. 

AMzarin Violet is produced on cotton by a process very 
similar to that used in Turkey red dyeing. The blue shade 
of alizarin is used, the yellow shade cannot be employed 
for this purpose, because the anthrapurpurin present in the 
latter gives grayish violet effects while the flavopurpurin 
also producers a reddish violet. 

Ferrous acetate is the mordant used. In the dyeing chamber, 
it is decomposed into ferric hydrate and acetic acid. The 
goods are then treated with cow's dung and chalk, after which 
washing and dyeing with alizarine follows. Sodium arsenito 
is often used in. the dye bath to produce faster and brighter 
shades. Part of the ferric iron in the bath is reduced to ferrous 
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iron and thus a compound lake of ferric and ferrous oxides 
results. The reduced ferrous oxide is supposed to play the 
part in violet that lime does in the rerl. In the color arsenious 
acid is also found. 

Brown. Alizarin red may be toned brown b}’' the admixture 
of Prussian Wue. Fine shades of brown may also be secured 
hy a mixture of iron and aluminum mordants. 

Wool. Alizarin is used to advantage in dyeing wool on 
which colors similar to those on cotton are produced which 
are fast to milling and light. The wool is mordanted by boiling 
it with alum' and cream of tartar. To obtain bright colors, 
it is necessary to use acid calcium acetate or acetic acid, and 
furthermore it is necessary to dye first cold, gradually and 
slowly heating the bath to a final boiling temperature. 

The colors obtained with tin as a mordant are not affected 
by light, but they become dull on milling with soap. 

Silk. Alizarin and related dyes may be applied to silk 
which has been charged with various metallic mordants. 
Brightening is accomplished by boiling in a soap bath. Full 
and fast colors are produced, but they are applied only in 
those cases where fastness is a necessity. 

Recovery of Alizarin from the waste of the dye bath. On 
passing goods dyed with alizarin through the chalk bath 
after steaming, the surplus alizarin detaches itself and falls 
to the bottom of the vat in the form of a lake or lakes, together 
with other impurities, forming a mud. To recover the alizarin, 
the mud is treated with dilute hydrochloric acid,which separates 
the alizarin in insoluble form; this is collected and washed. 
Then it is dissolved in dilute soda filtered and reprecipitated 
with hydrochloric acid. 

If iron should be present in the color, warm sulphuric acid 
will dissolve it, leaving pure alizarin behind. 

Reactions of Alizarin on Textile Fabrics. Boiling solutions 
of caustic alkalies moderately concentrated do not remove 
any of the color from the dyed fabrics nor do diluted acids 
effect a change. Concentrated acids act by partially or wholly 
removing the metallic base from the color lakes. The different 
alizarin colors possess vaiying powers of resistance against 
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acids; thus the violet is more easily decomposed than ordinary 
red, while the greatest resistance is offered by Turkey red. 

Cotton fabrics arc completely dissolved together with the 
dye itself in concentrated sulphuric acid, but on diluting with 
water the dye is separated as an insoluble flocculent precipitate 
which is then caught on a filter^ washed and dried. It may 
then be sublimed or recognized by the violet color it imparts 
to alkaline solutions. 

Powerful oxidizing agents like nitric acid or ferric chloride 
destroy alizarin. 

Chloride of lime in dilute solution has no effect upon Turkey 
red, but the ordinary alizarin red is gradually destroyed. 
The simultaneous action of chloride of lime and an acid will 
destroy even Turkey red. 

Useful application is made of this property in producing 
white designs upon a Turkey red ground. The red fabric 
is printed with tartaric acid and then passed through a solution 
of chloride of lime. On the spots printed with the acid, the 
color is bleached by the liberated chlorine and at the same 
time the excess of tartaric acid dissolves the alumina. 

Alizarin is not affected by potassium bichromate, but it 
is destroyed by free chromic acid. White designs may there¬ 
fore be produced on red by passing the fabric through a solution 
of potassium bichromate and then printing with tartaric 
acid, which, by liberating chromic acid, bleaches the color. 

Nitrous fumes change alizarin red to alizarin orange. 

Though the alizarin colors are not affected by light and 
air, they are temporarily changed by heat to a brownish red. 
Exposure to air at the ordinary temperature almost com¬ 
pletely restores the color. This change is supposed to depend 
upon the loss of water of hydration from the red color by the 
action of the heat and the regaining of it again from cool 
moist air. 


Trioxyanthraquhstonb 

Ptirptirin. In the madder dyestuff prepared from the 
madder root, a second coloring matter named purpurin was 
always found accompanying the alizarin. When madder 
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The permanent character of the dye is shown by its with¬ 
standing unchanged the test of a 30-day exposure to July and 
August weather. Dyed wool suffers no change by the action 
of sulphurous acid of 4^36. 

Flavopurpurin is a hydroxyl derivative of alizarin and it 
contains the third hydroxyl group in the second benzene ring. 

It is prepared by melting ce-anthraquinone disulpho acid 
with sodium hydroxide and potassium chlorate. By this 
process two dioxyanthraquinoncs anthraflavic acid and iso- 
anthraflavic acid are formed and they often occur in th(^ 
commercial product. They are valueless for coloring purposes 
and only occasion loss of material. 

Flavopurpurin is especially suited for printing on cotton 
goods, since it combines with mordants more readily than 
alizarin and ^sopurpurin is developed only by a gentle 
steaming. 

Isopurpurin. This dyestuff was originally found to accom¬ 
pany the alizarin obtained fronr the madder root and in 
consequence the colors produced from alizarin were modified 
by its presence. 

It is now produced from coal-tar anthracene in a manner 
analogous to that for alizarin. 

Isopurpurin is a trihydroxy derivative of anthraquinomi 
or a monoxy derivative of alizarin. It has the same empirical 
formula as purpurin and flavopurpurin and only differs from 
these so far as structure of its molecule in the position of one 
oxygen atom. By comparison of the formulas of alizarin and 
purpurin below we see their close resemblance: 


CO OH CO OH 



CO CO 

Alizarin Isopurpurin 

/ 


Isopurpurin is formed by melting /?-anthraquinone disulpho 
acid with sodium hydroxide and potassium chlorate. Isoanthro- 
flavic acid is formed as an intermediate product. 
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tion the color changes to blue, then later to a yellowish brown. 
However, on exposure to the air this latter color goes back 
again to blue. 

Strong sulphuric acid dissolves it with a yellowish brown 
color which, on the addition of v/ater, deposits a bright yellow 
precipitate. 

The influence of the single nitro group is seen when this 
dye is employed with the various mordants in comparison 
with alizarin itself. 

Pure alizarin with an alum mordant on cotton yields a 
red, while this dye yields an orange'; alizarin with an iron 
mordant produces a violet and with a chromium mordant 
brownish, while alizarin orange A with an iron mordant a 
reddish violet and with chromium a reddish brown. 

Alizarin orange A also serves as a starting point in the 
manufacture of alizarin blue. 

Alizarin Red S. Alizarin. If alizarin which is insoluble 
in water is treated with sulphuric acid, a sulpho acid is formed 
and the resulting product will dissolve in water. 

To effect this, 1 pait. of alizarin is heated to 100®“-150° C. 
with 3 parts of concentrated sulphuric acid containing 20 
per cent of the anhydride. The process is completed when 
a sample dissolves completely in water. The product is dis¬ 
solved in water and the excess of sulphuric acid is precipitated 
by milk of lime or barium hydrate. The filtrate obtained 
is made neutral and then evaporated. 

Alizarin rnonosulphonic acid is the product from the acid 
and with the position of the sulpho group corresponds to that 
in the formula; 



Alizarm red S. 


This free sulpho acid is soluble in water. The commercial 
product is the sodium salt Ci 4 H 502 ( 0 H) 2 S 03 Na; it dissolves 
in water with a yellow color. When an excess of sodium 








II!K AIJZAHIX liYKS'rrFFH 



Ii\i- |<irK.riii I hr 1*1 lii’f t ttif !iu!rii|,i4'ii aluiii3 an* 

|.t% 1. U*rnihn^ n \t‘r\ tluit in watti’ 

llitli ail lliti Ira riiliir, 

Tilt’ jishiitiiifi *4 li>ari*! tti ihn (iiiiiiiinrcinl prcKlunt 

tfiiiiiri' if hii It roitmiinitf'il i4iil|iliurif‘ arid 

lH\t * a h iiii %iiif'lt tiiriiH hri^dit yrllow an 

aihiinr tidnidflf* fiini flu* vinl«*f. 

llifritrh fhi- li I i ill it rillifiot h* unml to 

fi\r :i?al a ird «oi wool it in iifciwiary 

to I*‘4 ai oImiii inf*n!ai4. A i nod jriirli I loriiltH frotn ofio 
Fa*l 4 nli/;aifi n*i S aiid o\iiIir iiriil, ily<* 

fl r :s4‘:if4'ra i4 ii oil n|iitii mini!, fur wliirli 

aii/auii F i yia.iF- ai|u|i?*'*F 

111*’ »4 '’dfdiuii? arid i, it»f iiinitnl In iiiitkitti^ 

a i'»4aFli ' dyla* f4 FfJ 1 it iim il in tin* HUltir 

a 11 ,J ia t Ij , fh til at ivi’H fif iili/,ariii, 
All/Afiii Ktd |W.S 14/ l!ji%ai|itir|iiiriii ivifli 

ulj4i aia a. |4t . a...Liar io'ilar tii li li iir iili/jiriii mi 

y ^ il in laid |iiiiii«»! Mii4fniii* rat!|tliii 

i^i |in dialt di »4 ? j,r lltnlt riji , 

Aliiififi ffiftitl 1. Altriiriii CftfiliiiiL \Uirit liitrir nriil 

r !, ilr -It. i i at adli' #ftipfilioliaj II liilni iiliy.itriii 

, ioL » di \i\ fi-« i %4*in!i *4 ^04’ aiut Liia!|i III |iii!4itifiii 4 ili t!tr 

liod* / a!*L 






Tilt* I'lfipiiirl la rtillf^il if*iiitrit»itliiiiilfh tttwl liifitiifli %viiliiiiit 

!%.» ?* 4^1% rr«|iirtifiii liilii itft iniiiiii) 

ftitiitfiii, %%liirli i* tlip flyr iiHiiiriii fkiritrl IL Tlw* rniivrrififfli 
«f it-iillfia-iiiiiiiifili listii llir iillilliii rii|fl|n#t|tli! Iti % 

till" nlkiili aitijiliisfr#, 

Tli*^ ilirwinfl mM ii«l in ^nthr kipI it m ii 

riitiiiiiii'* fril l» iialiJMi ln'own , AlMiliiii ii 
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with a caniiiiu* red cdliir. Ilyilrnchldrir acid lunis Hh' 
brown. Hodium liydntxiilc proilnccH a cannitic red Hiiiil itui. 
Tiu! brown wdiilion in strotiir Huliiliuric acid \icldfi a inriuinf 
red ])rccij)it!it(> with additiitn of wat-cr. 

(Cotton niordant('<l with alum i."' dyed a itbii.^li n d. It 
also UHcd for calico and for modifying the hhadcs of ali/.arin. 
Wool is also dyed with it. 

Alizarin Brown is a derivative f.f aliz.ariii, wliiidi (amiaiiiN 
OIK- additional oxygen atom, and it iIhih l>e«i»me~ a tri-.vy 
(U-rivalivo of anthraijuinone. ‘rhoii}:h it is a ilerivativi' »d 
alizarin, it iw not formed from it. Two Hultflanees very 
unlikii tlu! final prodtict an- broiijfhl toiiether and can-i'd to 
unite under the itdluence of aulidiuric acid, which aln-tniei?. 
wati-r durinjj! the n-ac-tion. (hie method eiiijiloyt* {lallie mid, 
benzoic acid and sulphuric acid, and the n-aetioii may Is- 
n-jin-Heiiti-d thus: 



00 OH 


KM 




\/\/ 

00 

fcfriw« 

mi 


By rciiiijiiirwoii uf lli« fcirttinlit.^^, aiitliriiri*iii* hmwii will 
Im fiiiiiii! lo Im iKiiliirrii* with jiiirjitiriii, llmaiiiiiriiiiriit iiiitl 

Aiitlimrriiit hrowit iiuiy Br |iri'|iari‘fi lt *4 iiniim nf 
ittiliyilfyil.H Ellir r}iliiri«l«: 111111111111^ aiiliullkli* lilif! 

iii‘ifL Ttir /.iiir rlilffriili* in iiHfriim* ill#* fiiir-* 

|MIW‘ lih lili^ Hiilililirir »rifi ill tlir iiflirr liirflir#i| tit liiniillfarflir^% 
lltiit. i;^, iilmtriirfififj; fill' Ilf 

Ttii* h Hilfi iiH ti lifirL \mmn mliiiti iii#f 

ifi liafi fi Bill ihmi in nlf^nliftl mitli n yi4l#iw 

wifir* Hyilnirliliirir «« rliatiifn. 

|ir<Mliir<*« II hint* ari<l 

it willi II liriiwiii^li rnlur, liiit fliit* ?i hmwu 

wtirii wnirr m iiittird* 
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riitfiifi ttliirli liii:** iiri'it iiKinluiil«*il with c'hnnitiuni Haltn 
ijH 4>«*4 li liriimii. !t i.- riiipliiyiMl in printiri|^ upon 
rfUioii. F y ii;-i>ii lipiui wiiol witii thr iiirl of a c’lirotniiun 

iiitininiit. 

I’r/i imix.\ \,\ i iiteAcii i\u\kh 

Bfirdettii B: If unliiuifT iili/jirin with itn twf» 

li\iirii%U Ill' with Htroiii^ wilphurir 

ai'iil rtifif iiiniiin Ml jior nuit of tlw iiiiliydridn and a tonipt*rtit urn 
Ilf dir r. iv fur ilirrr nr ftuir ilays4, n ohiingo oorurs 

ami i«o an* mlfli’d in rorlidit dofiniu* po^itionM 

ill ilir* ifinirriiir afid flniH I Wit iid«lit iolild }tyflr<i\yF an* iiddod. 
I1ii* iiriaitii*! iH r«»ii:N'f|iiofitl> a lotnif»\yiiiittinn|iiiiiittt«t and 
fill* nnr hv”i!rii% 31^4 an* to !»i* fniiittl in piiaitioitH a and H In tin* 
tlitiliaailit m f'dinivii 



d !n fi'tl |ia«^4r «hi‘li i** flir rniiifiirrt'iiii fnrili nf tllW 

dmimt In iiati’i, liiif ii |piiM iftffi i4idiiiifiii hi 

.ih'iiLid wiih a lanwid’di mutinn rnlnr, 

l4|i|isj|i, h'nlin'ddn iii'Fh Ii irflilidt vinhi wiliilintn Ttii* 

■ ninf ifin ni « on*»fit niird adpliiiflt arid 1*^ l'liii*4t ivltinlt 

of? iliiofiitii Milh W4i^r ihid.*’ a hriHinidt r^d prmdpitiitin 
11d* I a inifrd:tiil 4\n /tiinilar In litii it |irniliirt*f4 

Wllli tia ftirittlifif ^ Ifllirit Idilt'f j4niflo« ttllltl llliulltitl. 

i» |ir«dii* *ri fill riiHfiii Wifil afi iiliiiii iftnrdfitil liy till! Ihtrkny- 
ii'fl hiitthf and fuM i4|iriiirf% nf u li|iii':|i rliirnl* Vitilid* 

liiiir an- piiaiiiri'd liy » rtinilliiiilti liifintiilii. WcMil 

trrriir-^ liripiit liInFli FliittliM mitll ti rlirnlitittlll tllflfilltlll* 

Phs^‘I %itnt a ktii 114*1 ri44 

Mlimfm CfMmim 1. dyr |irfiilnri d dirnHly fftim 

aii/4ifiii It |if»4 iiirtilintiial, liv o^itliVJiig It with 

flii#%p|n iiiiii rtiilpliiirir itritL Cliin ahitii ii 
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a(l(li‘(l which giv(‘B to an «‘xtni ltydro\\l iinmp in {Mihiiitm 
‘1 in the first ring, lliis addiiioiial h\drti\U in tlii^ 

poniticni has tin* eOVd of prcnliHdiig hlui'r sliadcs liiaii ali/niriii 
Bonhniux B. with its three hydreixyl gretips. 




X/\oo/\/ 

OH OH 

iiliariii cf*riifit 1 . 

Th<‘ dye in wdcl an a dark hrnwii paste mliirli wafer detf-M 
not flisHcdve. In glacial acetic acit! if i!i.Hsi*h"e;*«: miih u yidlifiiidi 
red cadnr posHCFsing a greenish fliinresriniein Hudiuiii h.yilrfi\hh 
and Hnlphuric aciil disHfdin* it to fhriii ii him* sfilniiiin. In 
cnMceiitrated siilpliiiric acid it iiiili a lilne rnhn 

aial a reddish fhitirewenee; this fiii liiliiiinti %vil!i 

water lt*tH fall a dark hromai pierijiit.iitin 

Wnnl mordanted ivitli altiiii m liyni vi«4rt iimi mil It a 
ehrcmiiiitii mordant hliie. Tim Ciilnr is fast tii ilir iiriiini nf 
aeiii«, alkiilk*H and light. 

11 EX AO X ¥ A x‘r 11 If A<i r IX t m 

RwfigaUoL Thin derivnfiii' of iili/nriii, %%hh 4\ liinh'iixU 
groups^ in not iiii oxidiiitoii jirniliief of iilirjifiio B ho in* ft 
from two llioleiilleH giillie ariih *lielt Jilreiitly 
three! hydroxyl groiijw. T!i«w .ire tmiseii to lofiilfifie initi fh*- 
filirairiii derivative hy the iiiliiieiif'e of niiifdittrr aciii 


Ho^ H Hoj oo—vyoi 

HO 

mm aeM mm 




\o«/ 


+ *8;© 


SttSgaM 
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i iiiMttiii li fiiittiFr witirli iiiMtliililt* hi watf‘r, 
F hjiiFMfl'l i‘| i* fiM I’flVtii’d. Hodiilin 

li», ft] f.Li fhi' |ia !r III ;i |fliii‘ iciii idiirh (diun|ivH 

i,4|o4!\ ii'» I «|iM *i»f’ lii lUv iiir. ft liiMVinivpH with n ri*cl colar 

ill ' f ’ M. 

\I#p4 ') F *' '-jI Ml j rhriiiiiifiiii iiionLHitt rolun^d hnnvii, 
Aiitiiraceni? Illiii» W, H, ii Ilf toiiiiti* tlijil lUitiini- 

\\,li i . Hiiif fir %iitli rtifi|»ji!liil. »Si\ liyilritxjl 
In'sI *1 ill # III* liii't’i* iii rafli !ii*ii/,rii4* riiip;, l)if» 
n: tlfiu ui gniiifiH iiiaki'H a lirowii ilyi» 

tii ii}it FF*r Ilf till* 

iiif tlii’H k I: #VcIiiiit rnaiilhra 


H0 

KO 

,r 


/OOx 


NO 

n 


10. m 


OH 


HO 


OH 






OH OH 

W«# W.M. 


OH 


ttl li I, Fi ttm XI- ^ ? I arid tmutitiuhtif 10 |ri*ri'aril 

4i#li4riir4 |i|fifii|r| liiiii iiriaiH tilily tii lii* 

Fix'll#4 V/iiii OiFo?’ 'il|4iiiip‘ anil fti rfitiviat ii iiiin t}ii! tiliia 
iiy*x 

Miitiitiri* iai ihr-fiilf i4 ;t fiark Oriiirii iifinif* %%4iic*h 
luFrf ii«K « liid fiiu #ihr. t}iftti|di it, mdili li 

itiFir and % fOpili* riiirix Hiiirmiii liyitri»xtill» 

;i liar tfit nil «'tt %ii!|iliiiri#* iiidil ilk?«ilrt*f4 

ii 4 11*4*1 li! ir iiiFir iiiwl II firiiiiiiMi rial flti«iriwf*riria 

lliiitl ;ifi iiFtai iiaifiliiiil i- flvrit ; blit mdlli 11 

• ijMiifiiia liiiifx if h iiMal ill riilliiti priitlJii|f iviilt 

aliiiit iia4 I 

llii i$f f!ii itf ilvidfigp, iiiitliriirf*iii! Iifm* 

IIMI ^4ii!i4 III |iriifffiri« bliP^ ptiiiifi*-^ it|ititi rliitliM 

bii miili^rtm mliitdi iiini4- iiiiilfrgii tii 

flit IJiiiF' i»f 

AciiAiiMfin BIm BM.f 6 » 1 . fly w»iiii«trliig tin* furtiiiilii 

Ifii^ ikrMuli miili ilirtf af aiiilirfippiir^ lifiin W.IL 11 ilif- 
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of I wo sulplio ar’iO |.5j*oti|H will l«* 

Itnaitial in positions 3 ainl 7. I iHi«n* liiolr iiifluniro ilir 
(lyt^stuff is soluble in water. 

Thc^ (l3'c‘stuff itself is the soiliiiiii salt tif t!ie ili-iil|iliii 
of anthracene* blue W.Ib but it is no! iireparoii friuii tlii^ 

initial Hul)stanc*<* used in its |irepfirii!i<tii diaiiiiiiii 
anthraehryson dkilplio acid. 1liis In* boiliint mitii nlkaiii^- 
loH(*H it-H tavo arnino groups while refaiidiig its iim stiljiluf arid 
groupHj wliieh form salts with alkali present, its sliiieiiire 
shown bedow: 


OH 


OH 






OH 


AcM •ii?«fill Mm 
B.B. Mi tm. 


The dye appears m a durk nr briitif ml rry^tuliine 

ptnvder wliielt dissolves with a reil eidnr in %%*itler. Iliiw#'rrr* 

it wall not dissolve iii uleolifd. 

Ifydrcielilorie arid ji rediiyi vlfdet jirrri|iitiili' ii* 

fall. Bodiiiin liydroxifle flints ilii* «iliitififi ii liliiin luiil 

if an exeesH aihted a preripitnti* fiilis. In niiireiif nitril 
Hulphurie. aeid the rolor m bliiWi liiw! mi ililiilioii lit** rolur 
tuinw to tliiii of the siiiiph* fif|itf*«ii.s wliilioii. 

Wool in an iieiil linili w eotfireil litiii* mdili n rfildidi niMt 
By treaiiiieiit ivilli elirtfiiiiiiiti llufiriiie :i 

blurt h pmcluecal. It h iiiiiiffeetnl liy mmh nlknli»*»i iiiid 
ii m also fin^i to tiiilliiiK. 

Four weekn^ expuhiire to iiid mer^flirr 

liiiil no f*fTeei ii|miii its, 

Alizarin Blue R. Tlii^ viilniiiili* liltie ilyi* F % ilirrrf ili 
live of itli/»uririj but iliffem frotii fhe jirevhinsfr 

eoiiHideiiul by eonlaitiiiiic nn adiiilitiiinl riiifCt a«*l in ftti» tim 
found II nitrogen lifoiti, If {iiirtale^ in of ifie 

eharaeter of rpiiioliiMa Tin* eiieiiiiVu! iifinie nf liie «lye U liioty- 
aiiiIiriic|iiiiioiio qiiiiinltiie. 

For its ptt^imratioib ali^ariii in Irealeii hi iiiirti a 
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as to produce /9-iiitroalizariii; thus the necessary nitrogen 
atom for the new ring is introduced. Now by the further 
treatment of this product with glycerin and sulphuric acid 
in the prosecne of nitrobenzene and aniline the dyestuff is 
formed. The three carbon atoms of the glycerin molecule 
furnish the carbon atoms for the new quinoline ring. 

The new ring and the original alizarin molecule are easily 
seen in the following formula: 



\ 

N 


Alizarin blue R. 

This synthesis; first employed for making this dyestuff, was 
car<‘fully studied by Graebe, who concluded the structure to 
he represented by the accompanying formula. The belief 
that a quinoline compound was actually formed here was 
most beautifully confirmed by Skraup, who prepared pure 
quinoline itself by heating together aniline glycerin sulphuric 
acid and nitrobenzol. 

The method now employed for producing alizarin blue is 
similar to the synthesis of quinoline, for it is now manufactured 
by heating nitroalizarin, aminoalizarin with glycerin and 
sulphuric acid to 105° C. When the heated mass is poured into 
water the alizarin blue is precipitated and thoroughly washed 
from the persistently adhering sulphuric acid. Almost quan¬ 
titative yields of the dye are obtained. 

Alizarin Blue S* This dye differs from alizarin blue in 
being soluble in water. It is prepared directly from alizarin 
blue by treatment with sodium bisulphite. In appearance 
it is chocolate brown powder that dissolves easily in water 
with a yeUowish brown color. In alcohol it does not dissolve. 
Hydrochloric acid turns to a reddish yellow while sodium 
hydroxide yields a bluish violet solution. In strong sulphuric 
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acid il dis'^olvcs with a dark y«dlc»\v cuhir; addiliim cd watrr 
|H'(hIuc(‘S a brawn prcM'i|Mlate. 

VVlHii a saint inn of this dye i^ heatcai over 7frdb,il disMadati’s 
from its sodium l)isul|diitr coiiiidiiatian aiitl llm iiisuliilih* 
alizarin him* s(»parates. Its use in fieiiiiids ji|ioit 

this pro|H*rtyy f<»r In'priiif tin* dye upon cottoii iiioniaiiled 
with cdinmiinm and tinm steaiiiiii^ the deeoiiijMii^al sail furiiis 
with tlte mordant ti lake cd' u blue color. 

Stroni^ aedds and alkalies and even idkali earlioiiatr ♦lernifi- 
poH(^ tin* w>luble eomhinafion of sodium bisidpliiti^ %it!i ihe 
dyc‘HliifT. 

Alizarin liliie H has kam eiii|ilf}yi*d an a sitbstitule fur 
indiynu bnt it is inferior to it in ils fnstiiess to liifjif. 

Alizarin Gredn S* A (diaiiiji* in the posit ion of oin* liiirnneii 
atcmi in tin* incdende of alizariii bliie H siiffier« to rliiiiige fin* 
dye* from blue to greeip as it is used ivilli ii «diroiiiiiiifi fiifiniiiiit 
upon eoftoti. This eliiiiine prndiierH atizariii p,,rrfui H* 

Tlie !ic»w position of the liifnipiui atoiii is Mreiifiai by riiiplny- 
irip framiiiofilizitriii or ali/.ariii gnriief It im tin* sljirting ptiiiit* 
In this HiibHtaiire the idirngeii is iilreafly in llir ilesin^il 
pfwition and hy ln*atiiip it wilti pl^erriii, siiljiliiirif itrid atid 
iiitrolienzo!, the iieiv ring is roiii|ilrtrii in tlie fnriii slifimm: 



AlifWlii mmu 


Till* liyr* is a bhtek paste wliirli is soliible in rif|i| mailer nil 
iimitiiif, of Willi mulinm brnifi iifi 

fiiiliititiii, tile liiizaiiii preeii will ^^jfarate iimtrr flw* ilifhiriin* 
of lieiil nr Ilf Itydrorltlorie arid. Ruliiifii tnriif* llie 

«diil ioii violet. If fnriii^ it dark liliie Moliii ioii in sf roiip Milpltnrir 
iiriil from wliirti ftiliiflmi wiili iiaifu* i*mm iliirl liltie 
fipitiilit. 
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Wool mordanted with chromium salts is (tyod a fast bluish 
green. It is also employed in calico printing. 

Alizarin Black P. Few derivatives of alizarin arc capable 
of yielding black dyes. The blue dyes, however, when used 
of sufficient strength, produce shades which arc almost black. 
In the present instance flavopurpurin must first be nitrated 
as a starting point. 



Flavopurpurin /?-Nitroflavopurpurm 


The nitro compound may then be reduced to the amino 
compound which, upon being subjected to action of glycerin, 
sulphuric acid, nitrobenzene and aniline is enriched by the 



/J-Aminoflavopurpurin 


addition of a nitrogen-bearing ring. Thus a quinoline deriva¬ 
tive is formed, the structure of which is seen to be as follows: 



Alizarin black P. Alizarin blue 


By comparison of the annexed formula of alizarin blue, it 
will be seen that with the development of a hydroxyl group 
in position 6 of this dye a change from blue to black would 
result. 
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Alizarin black P m a gnHaiinli black panb* wliidi walcr 
(locH not (lisHoIvc*, tliough alcohol cliasolvcH it. witli diffictilt\. 

Hyrochloric acid tnrnH tint panto to a bnnvitirii rolor. 
Sodium hydroxide dinHolv(‘H th<^ pantc^ fcuaiiiiig a dirty nrwu 
Holution. A dirty naldinli brown Holution h <4Tcrt<*d by nlroiig 
Hulphuric acid; addition c»f watc*r turiinthi^ noliifioit yi‘llo%vi«!i 
brown and them an the dilutial Kolutioii cool« a brown pre¬ 
cipitate falln. 

Wool mordant<‘d with (hromiiim m dyed \a*oI«»t fcray lo 
black according to the amount cd flyentiifT miiployed. 








CHAPTER XVI 




INDIGO 

Among all tlie coloring matters employed by man, indigo 
may fairly claim to be the oldest and most valuable. Blue 
ribbons taken from the wrappings of mummies that were 
5000 years old have been proved to contain indigo as the 
coloring matter. 

Its value and fastness are such that old army uniforms 
containing three per cent by weight of the blue dye have been 
treated with reducing agents to dissolve and recover this 
valuable and durable color. 

Indigo is now obtained from the indigo plants (Indigofera 
tinctoria chiefly) and synthetically from the coal-tar products. 
No more striking example of the attainmentjJ of modem 
synthetic chemistry could be shown than the successful com¬ 
petition of the synthetic product resulting from less than 
a score of years of arduous research with the natural product 
from the plant, the result of 50 centuries of culture and manu¬ 
facture. 

The alarm now felt by the indigo planters of India, whence 
comes to-day most of the natural indigo, as they see a shrinkage 
of thousands of acres in area formerly devoted to indigo culture, 
is so great that the Indian Government has become aroused 
upon the question and has appointed experts to find out how 
the indigo industry may be saved from ruin by the introduction 
of improved methods of culture and manufacture and the 
production of a pure and honest product. 

The same fate now threatens the rich Indian planters which 
overtook the European growers of madder, when in 1858 began 
the gradual but sure extinction of the culture of madder 
by the discovery of synthetic alizarin from coal-tar; the 

a75 
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same alizarin that was more laboriously extracted from the 
root of the madder plant. 

There is something of a just though none the less tragic 
retribution falling to-day upon the Indian planters. From 
time immemorial they have enjoyed the princely incomes of 
their great estates, feeling secure in their position and wholly 
indifferent to improved methods and with the Oriental willing¬ 
ness to rather increase their profits by scandalous adulteration. 
It remains to be seen, now that the peril is appreciated, whether 
the culture may be so economically carried on as to retrieve 
their position against the purer synthetical product now 
so well intrenched in the markets of the world. The issue is 
extremely interesting and also extremely doubtful. 

Natural Indigo: Vegetable Indigo 

Indigo docs not occur in the plant as a blue substance, 
but as a chemical constituent of a more complex colorless 
compound in the juice of the leaves of the plant. This com* 
pound is known as indican, and is dissolved from the leaves 
of the plants as they are steeped and fermented under water 
in large steeping vats. The soluble indican passes off in solution 
as the water is drained away from the plants into other vats 
where the liquid is agitated for several hours; sometimes by 
coolies who stand waist deep in the liquid, beating it into a 
froth with bamboo poles, or sometimes by paddlewheel machines. 
The purpose of this agitation is to expose- the liquid to the 
oxygen of the air. Meanwhile the soluble and colorless indican 
is decomposing into a sugar and indigo white which takes 
up oxygen from the air and is converted into insoluble indigo 
blue. This can now be separated by filtration from the liquid. 

Formerly this was supposed to be the way the indigo was 
produced, but of late years much difference of opinion has 
arisen over the chemical explanation of the process; one 
view being that in dican breaks up into glucose and indoxyl 
which in turn oxidizes into indigo. 

Indigo was introduced into Europe in the sixteenth cen¬ 
tury; but for a great many years its extensive use was success- 
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fully opposed by the cultivators of wo ad (Isatis tinctoria) a 
plant producing an inferior variety of indigo blue dye. These 
woacl growers industriously circulated the report that indigo 
was not only an inferior dye, but also a corrosive and per¬ 
nicious drug. Fear of the ruin of the woad business from the 
new competing dye was the real motive of their false reports. 

So much feeling was aroused that pressure was brought 
upon the English, French and German Governments to pro¬ 
hibit its use. In France under Henry IV an edict condemned 
to death anyone found using this ^'pernicious drug’^ or "deviFs 
food,^^ as it was called. 

Synthesis of Indigo 

To Adolph Baeyer of Munich, the leading spirit and master 
of indigo research, the world owes more than any other the 
unraveling of the constitution of the molecule of indigo blue 
and the success in discovering methods to produce it syntheti¬ 
cally on a commercial scale in competition with the natural 
product. 

The vegetable product contains indigo blue, indigo red, in¬ 
digo brown and indigo gedatin besides wid(dy varying amounts 
of impurities. Of these indigo blue is the valuable constituent 
used in dyeing, and it almost is solely with this that the ques¬ 
tions of constitution and production* have been concerned. 

For nearly half a century Baeyer and his students have 
kept at work upon the problems connected with its economical 
production. The first successful product was offered on the 
market in the month of July, 1897, by the Badisch Aniline 
und Soda Fabrik. The commercial importance of the product 
three years later (1900), was such that the Director Brunck 
stated that in that year the firm had produced about 2,000,000 
pounds of the synthetic indigo blue, an amount equal to that 
grown upon 250,000 acres of land in India. 

As early as the year 1844 indigo had been the subject of 
research, and some progress had been made by the early investi¬ 
gators until 1865. The more profound work of Baeyer begins 
with this latter date. In the quarter of a century before he 
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began, it had fnaai disanvered llial oxidatitai of iitdii^o t 

it into Lsatin; that distillation of indig<» '\illi |ici!a^siiiiii 
ide producc‘d aniliiui; that fusicai witli tlio Miiiii* alkali ykdiiiol 
anthranilin afdd, and nitric* acid finHliicod liitro.^alioUir iiiiil 
picric aciclH, whoHo conHtitioiial fcniiiiilah appear !>i4o%v: 



MO 2 f 

Kitrflwilfcflic aclil l*lrffc 'mM 

Now from tla^ fact tliat prtMliifi.fi, rr!*»iillr'i| fritiri tlir 

clkintegration of the incdmilo of iiiiiiioi, it roiiiii tn* giiiiirn^fl 
that indigo blue ront aiiicil ii l«ai/j*iic ring niiit furl hr r iliat, 
attachi^d to thin ring iltim* imisl b* nirlMin mini nilrogini 
in tho iicighbiriiig In nirh fitlior^ 

tho following nucl«*li« iw ii« artiial cciiii^filiiriif. nf fJir* iiiiilertili? 
of indigo blue?. 



Riirlp»f fefiftwft til ill imikm tJsi** 


A» Imtiii wm n prodiicf of Ifio iaifkiioii of imiigo. ii iirrnrrr»i 
to Btieyor that by fito rc%’'or«i' prori*‘^<i nf rcdtirfiitii lir iniglii 
eau« till? moIiHoilo of indigo in fonn agaiin In ftii^ 
to obtain it !iy tliw nttiifiiiiii li<* biilni; Imi by tlir lliir of 

work thou itiidi^rtiilcim Im* otbrr 

inch as indol, oiiitdol, iiiiil liioxiiwlol, ain! thr^e %mm ul 
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service in helping to arrive at the constitution of indigo 
itself. 



Indol 



.CHOR 

O6H4/ >00 

\nh—/ 

Dioxindol 


Baeyer believed that indol was a very close relative of 
indigo, and this was afterward proved to be true by Mencki, 
who in 1875 did obtain a very small amount of indigo blue 
by allowing ozone to act upon indol. 

However, at this time, the clue suggested to Baeyer by the 
constitution of indol was that whatever substance was taken 
for the synthesis of indol must contain the same nucleus as 
indol itself, i.e. 

yCH, .CH=OH— 

C 6 H 4 / >CH 06H4< 

Indol Indol nucleus 


A substance containing this nucleus was found by Baeyer 
and Emmerling in o-nitrocinnamic acid and in 1869 they suc- 


OeH 


< 


OH=CH—OOOH 
NO2 


o-IIitrocinnamic acid 


cecded in producing indol from this acid by fusing it with 
potassium hydroxide and iron filings. The function of the 
alkali was to eliminate a carbon atom and the iron was to 
do the same for the oxygen. 

Firmly convinced of the close relation of indol to indigo 
blue, Baeyer hoped by starting with the same substance, 
o-nitrocinnamic acid, from which he had made indol to now 
form indigo blue itself by some modification of the process. 

The modification was that he would attain the molecule 
of indigo blue through isatin instead of indol as the inter¬ 
mediate step; for although at first, as stated above, he failed 
to get indigo blue from isatin by simple reduction, he did 
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later Huceecnl with the aid cjf 
t.richl()ri(l(^ and ph(»splH)ruH. 

(k)rnpariHon of 1hc‘ forniulas of o-nit roc'iniiiiiiiie iieid 
blue and isatin r(‘VC‘aLs i\w, close relation of the lhrf»e. 


icetyl chloride. }#liuspliorie« 
iii*ii|£fi 


OH—GH- 0 O-OH 

o-Nitrodonamic ncM 

C|)H 7 N 04 -^C 0 ., ~ H.O = 

o-Nitrocinnamic acid Ifiiifo lilti# 

CoHyHO^^-CO. H. = 0 ,HH,r,MO. 
o-Nitroeinnamk tcW Isnilii 

Ba(*yer kiK‘w that o-idirocdtniaiiiic arid coiilil riinily hr 
inad(^ to givc^ up carbon dioxidi*. Apjiareiifly tin* ri'iiiovii! 
of two lit-oniH of hy<lrog«*n and an of ii\yg,eii liinl ih.* 

HubH<a|uent eliininatioti of the ciLNily rriiifived I'arboii liin^ide 
would iVHuli in the format ion of liliii* iiulirulml in 

the riuict.icuhs above. 

The atieinpt toelimiiiate these f-wn liyflroffeiiM wich 
but nincc* they coidd not be reinoveil liigeilier ihi^ 
m water, an indirect met hod wm efiifdovi'il m 

The 0 -nitnK‘innainic acid wm first rliiiiiged iiilii liibrtuii- 
nitrohydrociimainic acid by tin? arfioii of bnimiiir. 

.CH=CH*COOH yCHBr—0HBr—O00II 

^ci®^4V + 

\M02 

o-Hitrocianamic acid 

I\ow the two hydrogens wi‘re i4iiiiii«iti‘i| in riiiiiiiiiiiitinii 

iw liydrobroniie aidd by treatiiifuit of iliis 

with a!ci)holic poliisli; the rrmili ^ n mnv mi4 milli livu Irm 

hydrogens—<Miif rciplieiiylfirojiiniie uruL 

< 0 1 mix I —0 ^ HBr j — 000H 

H02 +1 2K0H 

Bibroaiaierabfdrociniuiiiic acid 

,0™0~OOOH 


N* 


'■m. 

o-|ltiiropbmy>pf«^lk acM 


4 - 2H3O 4. »Sir 








as! 

*l III' f liiiJfi.’iUiifi i4 Hiu of liydrup4i fruni 

M i; 3 i ,'iriM 11:3. ■, ijiii.f i!ii|iorf liiit lu iho 

. hi \Ulil iHJllilt, llii.H lifW ac’id 

llli'lrl'. fil^r iiiofr f liiilri'illo iif I’llliilHl ili<i\idl*; lu 

t i}|ii|i iir'^*11 'hltir If I'liiifiiiim ofio iiiori* 

:«ii all nil, idling II ill tlir iii|^ i‘rn|dr“ 

ir,,il fiilllJ.J.i: 

^If wpitilii; af 11 Iwiin 

CjH.NO, 00. - 0 ■ OhH,%NO 

I nit if o 

ii iiiim I *. lifi # ^ f|i4f In tnriii i^*iifiii fruin thin nc.iit 

iHo ^ iiiiiO%.i| :ii«l In inim iiiili«r4i <i\yirini 
*4 iia^t I iiiiiifniiMl, H) «“iiitroiiliriiyl' 

<4 iniH lmii#i\if|i* cilifiiinoil 

4 aas| I ai4*4f4ii ^ aal « tin* III flio tillll! tt’itlt 

1|a aildj a f . 4|« nan a If f|i|f4lif fi»r till* 

a ' /# ; J»i! iiailr** l 4 'ar It ill' 

I i V'> ' ' m.* ^ $4 itniiiffi III liif ii'i ill iHSfi fifirmi 

a' ^4 » 1 " 4 4 I»IW tii !|ir foil 4 aiilliillilflr triniii|iliM fit* 

14 ill ^4 I la |*ti 4 I i* ;ii rfiir-r«|iirfii‘ri III 10 !«*lirv«*tl 

fn U f!a ahijait H plenum Hi «4 Ihr iiiifiiijil inflitni liy iIf* 
a|ui ^hf' I 4 fh$ ! i«i|ii ^ Inf if** 1‘iifiim w nt* 

I ?iu ana 4,, 'f la I liMfa f iiif il, ly <il HMli/iilinii fur it 

It 444 4 ii • <«» 4 rai i<i flir ifr‘l fii f}ir fif^i ♦ . tnil'V liiitfriiiilH iitid 

fill I'laiif u* In*' «4 4 |a fi^l 4 | 4 *»s| jiftiri'', 

II la p A 4 4 i 4 4 ari»j ftitii liil f iii 1 lili|||fiir itl'iti, 

^ at) 4 ' naol I'P I #4 111 III tfa fi s|iiiii i| tiiifm 1 nifijniiifiit 1% fiiriiii*-it; 
^ 4 # yai*4#i4na sisnn.nip :i «44 4^ 14*1 fi"** fur ifi 4 i|Ci» Ifiniiiifitriiin*. 

i •* fi if 'p id i- ii#ilrit#ii llitfi fir* Ndnrr 

tii 4 ilainfli rii*a It III III Iff 711 |>**r rinit iif iJii* 
onlai * i#p4|*^4iii4 7*4 ill itiia 14 lifdii f«i fffnfif* Flirttirr 

itfpsi jifi^jiinlir iirfi! filililly t ntli:4iirifii*it llltii 

a |n»i1 iiitfi k'lfiii ilndinifl. 

II11 tJftr |w jiiirnl In filial |ir#ii‘inp itiil, 

liMii iiiy ifa%%4> fii r^iliir ilil#i fill iMtriititii 

Hi it ffir flt^ riilim |ifiiifi'r tif Immi^ 
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upon i\w (-loth. It cuily uvrvHsiiiy In priiif llif 

o-iiitn)ph<‘nylpropioli(* acid upon tho rh^lli aiul i‘arr\’ out th ^ 
last Ht(‘ps of th<^ Ba(‘yor .HyutlH‘HH to convert lin* ariti iiiin 
indigo blu(‘. For thin purpow* t.lio MHai‘RHliai4 bmi oblaiiif^i! 
with Hodiuin xanthogonatt* an a reducing agciii and 
an thc^ alkali. 

In practices a paBt4^ connisfing of o-iiit ropropiolic acid iiii\cii 
with borax and Hodimn xanthogtuuifc with .*^larcli for tliickoii- 

ing is pnnt(‘d upon tin* (doth. Hanging tin* bibrir up in a 
warm chamlHU- tlum ac*complislH\H the iviiioval of carliiiii 
dioxide* aiul n*duction of liydrogon mhrii 

(lu^ indigo blue* appe'arB. 

Foxhtitution or I\w«;o 

In tho abov<t aynthoHiM^ tlio riiipiriral foriiiiila id imligtt 
blue IniH lw‘4*n conwdeuial btil iii ri*iilify if iV iiinrr 

coniplinx than thin, tm wm hIiuwii by tL V. Hitiiiiiiiiriigii, Itc 
dcdiCTininod th(^ vapen* doriBity of iinligo Iilin* ani! frntii the 
nmult found that tlio foriiiiila iiiiih!.' ilniililr timt of fin/ 
empirical (Uie oinployeel piiwloiw to tlik diili*; riiii«a|iioiifi> 
(ClgHf>N(.))2 in tlm corrcc’t foriiitiliu 

The coiwtitutioiial foniiiilaiif iiiiUgo bhio liii^ p«M>^fl tlirinigli 
varioUH pha«*H of growth iiiid rf^rroHhiii iircftriliiig In iii%% 
fiictH brought fortii from tiiiic to iiiilil fio^liiy tlifU'c h a 
pnmth‘iil iigr<*i!iiii!iit in itccoptliig fin* ftiriiiitla givni bdri%v 
tluj onf.x 

The ovidence which linj4 Ini to tliiii ulrinttiri! of iipiigi* liliif’ 
may lai Huiitinccl tip ii« follciwi4: 

L The priwitco of ii lMrfi»,*iic ring in tin* liitiirriilr im dm%n 
by it« mmy oxidiitiiiii into lAitlip whirli ciififaiiiM it iiiiii. 

2. Thet i*my foriiiatJon of indigo fflin* fioiii iiifimyl mid imi- 
tin isiwicleiicc of the pmmmm of Ihe follfiwiiigifruiiji, riniiiiiniiiif 
thii iMiriMmo ring pliw ii «*f»ofid rifig foniiril !iy llic iii#l of a 
nitrogen and two citrlMiii tiimtm: 

A 

^ 0 : 









n. Ttu' vii|ifir lii'iiMity riirri*i^|tftiif|H ifi tlw* jiiciliHniiur fcirinula 
^ Oirri'iiirr rf’«|tiiriiig twy of tlio iihovit grcio.pH in 

till- Uiir fiiriiiiil'i. 


>c: 


:0/ 

(1| -mA 


4 . rritiijiH iintHf Joiiirfl tcigoilirr by a tmion of t!io 

#’iir}«iii ii'iiii}lii“roi| I'll mt im in rimtitiii l!ii* liirgor grcnip 

I' i* t* tV*fi|. lif‘riiii^«wi-ilitiitriHlipliitiiyIcliiw»i*t3‘I^ 
mliii'li riiitiiiiiiw tlm bin* rtiiivrrtnil tfito iii«li|^o 

fibir, 

o. Till* fiifr*i|!rii iiii* m iiiiido groiifw, hm 

by fill' fnriiiiitbill i#f Xnlbitiiliiiiligo fmm M-oihyl- 


00 00,^ 
mm/ >0 o/ 

Imi^m ilt# 





i^Wfiti llt,r^i: 4M 4 ilf» 

loflilff# blur in II itiiliil piiliniiiiit*# of m ili»i*|i liliiii rolrir wlilrli 
fi|tf»*fir» in rnmtmmm^r frnfii Ittfliii in iiiitifw, oftmi hniriiig iJki 
iiti|w«*-» tif itip citiilii littvn Iii4il il tin ring tlin rnitioviil 

fif m-fiirr. liitii|w in* niiil rffM*! tbii fitigniw 

ill Iiiiii4lfiii* IViiiii Riblpil wltli »r»i linol o!ijr«*i, 

ilir^ liiiti|ip tiiifiilplifil I# * »liifiiiig, fni|>|M*ry 

iliiritii llio tifii« of llio iilfliiittibl# iiiiiiMpt it l4i tut mm^ 
m 0 ffiifn^fil tir tiinlil* 

Iflilf# iliii til WmL liiiligii Irftsi witi fioi ill 

miifrii iiifti It 'fiifiiiliii gpittfw; It in in no 

a ibiritnff. art* 

|#y immUmmi wiili in’tlinr liiil ^.roiig iiitptiiirii* of 
fttfliitl*. «iil|iiiirin mi#!, wlinrrby mjlfilifi aeW group 
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b(‘(*()rn(‘. in tin* lunb’culn and and 

indif^odisulphn acids arc formed, d'iic latlcr at thcM*, in tlic 
lonn of it^H sodium salt, is the indiiio cariiiiiii* td coiiiiiirrci'. 
It is soluble* in \vat<‘r and is siiilabl** foi* dyciim %\iwfl 
mordaiitc’d with alum in a balli ccuitaiiiiiii." Mil|4iiiric acid, 
ddiis tr(‘a1iticnt proeluccd a shad<* upon woo! loii’^ knowii ar 
Saxony blue, though now nearly obsedefe. 


.00 \ .00 

HaO^SOciH:/ )C \0|,H;|S0.|M» 

XHW/ 


'-nW 

Iiidlfo farmliii 


A more! histiiii^ and brii^iiler shade id bine h prmliirfil Itv 
Hid)j(*ctinfC wool t-o th<‘ proc'css den*rib«*l bi'lnw tor rifttiiii wiih 
laiulion aijjainsl a liarmful iiinoiiiif of alkiili. 

Indigo Blue on Cotton. (*o!toii Im?: iioaffiiiity for flu* ¥ulnhh 
form of indigo c*iiiplojial upon wiiol. Tlioii|i.li if h staiiieii 
blue by iiumerHion in a bath id iitiligo niriiiine, flit* mlur is 
easily wuihIkhI emtiredy away with wafer. 

T(^ tiye cotton, indigo bliif» iinist be nitiviulefi iniu its |eciiii 
compcnitid, whhdt dksolvi^s in an iilkiiiiiie M»liifion. In llik 
Molubki form and dissidved in ati iilksiline liiif!i llie 
indigo whit4i easily |M*netntteH the col ton filirry hip I iiii rtaiimdiig 
it. from the vat the oxygen of tlw* air iii mm* fixiiiixef4 it in 
indigo blue. 

The prepiiratioii of lti«» viit for ilyeing ntfifiti ria|tiif«r« fin! 
fiiieHt pulveri/aitioii of llte indigo blue iiiitl ii jinitliirliiiii «f 
iifweeiit hydrogen in coiiiiict willi llii* fiiie fiye«|.iiil iii l!ie viii. 
l4»H» iliitn one |M*r cent of liyiinigiui c.-h| j»»r reiiti stiffireM t*i 
fdiange completely fhe liiitiin* of tlie ttisohililt* iiaiipi. It 
its eolfir and elmiigeft In ivliile IfV llse lixaiiofi of imai 
liionis of hydrogen: if liiwoiites miliible iit iiii liijtihb 

iiiicl from being neither iifid nor him* in rlmrmin% it Ummim 
ficdd ill iiiifnre und foriiiH wdtfi wliifdt %vill dkoilvr in witter* 

Till! rei|iiiHitct liydrogeii may la* fiiriiislitai in a vmh<%* nf 
wiiy« with the iieeessiiry ciinditiofi of inaiiilftiidiiif flu* Ifiitli 
alkiiliiie. Ait old iiietliuil, md«l#*ly swed fur a long tinier 
employcfcl the fkmmpimiimi of «irgaiilt» iimllrr by ferwriilii- 










:iH5 

til f!ir *tiifl bnui wi*rv {ihic‘<*<l 

iviii; t Ivt tti<» i’at Ilf 

>M I - li tfa!ii^fi raiiHf’d Itiul t|ic‘ (*volvr<l 

*■’* - i'Mf' 1.^ fi * St :j|{|if‘;ir Mvi’f fill* fJlirfnfi* of tin* liquid, 
*ii fill",411110^ li>ilrfipui i‘hf*ii|ily uiuqlovud 
b I o 4 ;3| l.;Oi > 4iid liilik iif liiito, dlio forrmiH 

l.‘k' (hh j» »i I rr»'iifir tt\iiii/4*it III thi» fVrric* liyilrtixickt 

a- di" «,> ;ii»4 li) tiniitiui. 

r«»0i + CmOM> - CaSOi + F«0;,H;. 

FnO II. 11,0 r.:: + H 

Z..' ^ 4^! , /iVi >, ;s! o iiiiHOf*iif liydrti- 

4 4U , I t ^ , i<, 1 ^ j jiifi Siwiiuiii /imuitf* II iii«tii:H ili««Mfil%4*«l 

4|l ^ k*' •* li i i I 4. 

%n ‘f a»i01 - tnOM^ + %m 

VwlitiM #«« »f» 

iliO 4 '14 hhiih,>'if iliiif 1411 t yJdolv f»iii|i!«m*<! fuoliiy iisi!i4 

4 ^ i* f|ji‘ 

1 i *' I ' ^m| blip l|||i»|| ntitoll lliwl t(l 

U- mI I vt. . ts, |4i, ,4f4 oiidn lloitr «*f tin* ityr-liiiitHit 

Ui *4 t ifOa**- «3<< 0#l|tlif4it V }iif ll ltii|4 Ix^flirt! flip 

b.4b Ut I ,ji}« . k' |*#r *}ir uMm^V'hm «»f ilti* t*ot4.iiti, 

A I’ Jillrtv ttir iii|tlS*| tii«t«lW Will lljl|Mmr 

all fr 4"rff4ll ^4 Ilo’l pj|*4l til* r«*t|i|l Ip 111 m 

iOf II t|ir liqiiifi iijnmii« II bliliili yi*lliiw, iliit 

< 4*fii I'j/* hnl |iiiirm|f‘4 hmp. i*ft«ilf.tllf litpl if tilll 

iiba4» I' toil liPP It It I|iri*«f*iit. 

i br |4 ^ ' ^»1 4\ril4» Miifiif^ %7||fl ill ||||«itl^ iflt* 

|,'44af*i/i* i ' > h hUk * tU %l oil#- lilii of till* |irpflill«*f| llticl «*f4Jl*fl 
, , 1 ^ ,1 4 n iipdio 4 iftl! iiriil lilt* Ipillfilii bill iilifivi* till! 

!'* fif I o4j ;ii ilpt I l||r|' f-lirl Iff ilif* titi bill nt tllll 

' 4 ior borl ..iI 44 ba' U isilib fioiii liii In Plifj tiy iticl iif i.iitiftr 
i*ib‘ at li’;rb«t k-'oi iifilil f|*r fibip I'l iiitifnriitiy »iitiirnt4»il 

«j!|i lb*" ^Alofr •niililsiH. 

1# *Lf If i,/f . b Ai l|f«*tiil tif fill* v*tl «i|Hitwiff» fi# llw* 

Utir ttirfr |l !lir inbif of l||o Vfiril M Krf!f*tlWl yrIloW 
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an it Hlarl.H on a lung trip uvc*r vnricais ruilH iiigb tip in lln» nir^ 
and tlu* culur rapiclly d<‘«*|H*iiH lu a hlui* i»\ygiii f‘oiiVi*ilH 

t 1 h‘ Hulublc* indigo vvhit<‘ into tin* iiiiligo lifiii' in tin* 

fibnn If a d(H‘p<‘r Hliadn i.n dnHin*d it i.Hoiily iirro^Hiir)' In rfpi*iit 
the* upcaation of piia*^iiig it again tiiroiigii flu* vat aiai iiiriiig 
it until tlu* prop(‘r dnp!!i of bliif ii^ M’aiiroiL l*it liiuilinli/r ilio 
alkali retaiianl by tin* yarn, it In paHHoit llintiipli a bitfli nm- 
taitiing Wi*ak acid and I lien into liiioflicr of in ilioititiiijih' 

c‘l(*anHC. it. 

iIowc!V(*r tlic hydrogen may !m* pritiliici*i! in flu* rat, it« 
action in alway.^ the Hiriiic and the diiinye in I in* iini.go blue 

in repre.Himtc'd m followh: 


ln4igtt i»l«® wliltft 


These hydrogen it!onw \rere foriiierlv in iittnrfi 

theiiiHclveH to the two reiifnil ntrboii nliiiiin *4 l!if* ifiiilrciili! 

thun: 



wWit, 
|0i4 forwiitei 


But hecatifiii it lifw liiKrnvered flint. mdriti* piii- 

Hewes the |)r0|M*rtiei4 iif ft tint iiiiiiiii 

of thii iiydrogfii witli iiiygeii !« fwrtii it liyiinityl grriiipi 
the iiimiliciii of tlie iiilcleci liiii Immm riiitiigiml, m 

shtiwii ill Ilia later fiiriiiiila: 



wW>#. 

ihmm 


Thin iiifliffo ii'hife iirifi l$y vitim iif 

liyilnixyi hydropui iifitl it rjiii form iti alhiiiiwr 
Tlief^e Iiyiiroxyl Imirfigeiiii lire iii ^nr|i niv^inble lifiniitmfi 
tliiit they lire itiufttiilly teiiitieed $m l*f the 

Ilf tl«i air. 
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wliilf* iii:iy hi* itn a white* cTyntitllliH* pciwcha* 

h\ till* aihlilioii ul’ li\ilrnrhlcirir nri<t fruin all InivvH of lur 
Im if-- ;i!kaliiii‘ It litay b<‘ si»panit«'d fnmi the* lic|uicl 

liv filiniiitiii aii4 fir\iiifi: both hn\v<*vt‘r, c*t)n<liic’t4*tl 

iii im :ii«il' ftiiri* rjirbuii <!io\iet<» or hoiih* othf*r inen't 
Iii4ii!o wliiti* liihHfelvoH in alrolicel, anti in Holut-ioiiH 

Ilf fill* alkiilioH, foriiiiiiir, yollow-rolonal liquitlH. 1 h<* iiha^iolic 
.Hohitiiiii *1 bhii* 


\'i II1. 11* ‘ If, 1 < “I'll »\ III*’ ixnitio i‘iic»\i o-\rntf n- 

Till* kisfimii Iriiilafii'V of altlrltyili* anil kotoiioH to foiHh‘nj4<* 
iiiili iiin' aiiiiflii*r uih ii?^o of by Biwyor ami Drownoti 

III |iri«iti*'o II Hill It'll aiifo that rniilil Im* eaiHily traiwtonma! 
ititfi iiiiliifo 

Hiry liriiiiijit ti.fgrtlifr oatilriilM*ir/ii!ih*liytlo ami iiooioiH* 
rniii|i*ii’**<*.*4 III foi'iii fiiplii'iiyoiii<*thyl lc4*tftiw an 

mm OHIOHIOH.OOOH:, 

+ Ca:|0OOH:« » 

^10,1 

mmimm #.iitf»pfe#iirl 4 ici#iiiitlifl kmm§ 

ily riiiitiiiitliiiic thr rlriiirtifw of wmlf*r front tin* hyi!rtw\vl 
iiiiiriiii* iiiolliyliaio gri>ti|i #-iiitriifir«*tooifitiitnti>m* 

in fiiriiirfl: 

.oh-=ohoooH;, 

0«b/ - H.O - 

\jfO 

nii« riHiilMHiinl irt iIm* im-W'ii*'** irf alkalu'H uiid iilttuw- 
jihrrii- iis.v»«-»i fhiHigrx »t i««*n bliw. 

nB*»OHeOOH, 

aOr.H,/ + 8K0H - 

\«o.. 


,OH-=OHOOOH;, 


^»0a 




SOB^OO'OH 4< aH^O 


VITH/ 

iedigo l)lu« 
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This inH'thod lijiH IxMij iispil for prodiiriii^ indi|Xo hliio uii thi* 
fibre* in raliro [)rintin<£. Tlic* firm c»F Kallo il' C*o. liiivi* 
u coIorh^HK crystalliiK* roiniHHUid upon Itio iiiarkii iiiiilrr ihr 
name of indigo salt T. which is a MHliinn bbtilpliile roiii|Miiiisd 
of the* o-nitropheiiyh'laetomethyl k«*toiie. Aftrr priiitinii this 
upon the* fa.hrity the blue color is developed b\' piiHsiiis it 
into a sironi^ alkaline batli and then exposing In the air. 
WafiU* anil aretie aedd are thus eliiiiiiifileil and iiiiiigo bliie 
d(‘V<‘lope(L 

This iiH'thod labors under the eoiiiiitm’fdal disailvaiilimr of 
a lark of Huflirient toluene, whieli is the sfarliiig fioiiit for llie 
inanufaeture of tin* lonil niplieiiyldiirtoiiiettii’I ketone iiri'iied 
in this syntliesis. There is not siiffifiViil toliieiie availiible to 
replace by this process the natiiml iinligo vmimnml by tfie 
technif*al world. f)lln*r syfitlitdical inetliiiils nf riHiVi*r4mt 
of toluene into o-nitrobeiizalilidiyfli* tisive liscii disroverni, 
but thw l4*ads to no iiicreiise of the iirmilficiiaif riiw iiiiiteriiiL 


IIkumaxx’h Byktiiksih or llnpu 


ProfcHMor Ileiiiiiaiiii of %iirirh eiiijiloyefl a iiiilliin| iiivulviiifC 
a radical departure froin previous iiieilioils of iillarkiiin the 
problem of iiiakiiig indigo blue syiilliiiiniily. The mrlier 
workers employed liihiiliHttliil iiiti |ir#iflitrts of ilir iiiilio- 
lH*n/4*ne wuieg of coiiiiioitinis. Ileiiiiiaiiiie tii}ili*yi‘«l it tiiiiiici- 
milwtitaitioii product- mid lie ilisrcivronl in iiliiaiylglyrtieiill 
a Hulwiiiiiee wliicli reacts iritli ftrsiai piiliis^iirri liyttriixiiii* 
to b>rm a bisiilwtitiitioii priMliiei of irnmnu*. Tliis new |iriiiitiei 
i« keloiiidoxvl: 


I ' "ho: 00. 

! \ 

Plbi#aflilfcc«#ll 


^00. 


CH:» « C„H|/ \oK 3 + SiO 
EtliiiiAifl 


It will be Hceii 111 once tliiit wi* liiive lien,:! ii liitlf tiifilrriile 
pliw two liyflrogeft iiloitis* This Ityilrfigt*ii m m.$ eiisily mmittmHl 
that on to tin* air it is rt*rriiixi*it by the iisygeii In 

fcirtii water mid the resiiliiea tiiilte t4> fiiriii iiifligii liiiiu 
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Oil nfi'iniiit of till* low yi«*lt! of hliw hy ihin tnothod, 

it y iianlly of iiitin* l!r ii tic.nl intorc^Hl^ Imt a |^n*nf(*r 
allarhf.'H tf» ti ilorivativo of thin jiluaiyl glycoroll, 
t* |i!if*iiylyI\‘i’o<'iil! raii«»\\lif‘ arid. 

CO-OH 

0,H,< 

">HHCH.CO-OH 

cartwsfik 

llio ii*idi.Hrlw» Aiiilifii* mill Smlu Falirik fi«v(* for a of 

yiTiiH %\‘firkf»d |iofoi,hii*iiily iipoii fho prol»!i‘iii of prodtiritig: 

II lyviilliolli’ liliio wliirll rdoildtl KllCH'OHKfully 

from II . llioy iHn%' oiiijiloy tla* Him- 

iiiiifiii .«yiilliiit iiiofiifii*il mi as to Htiirt with ilio idimipar 

H-tiiiHiiiiiri* iiii|4it liiilmifo 

Niijilit liiiloiM* ii\i4izisi to |dithiilir iic’id hy fitroiig siil|i}iurir 
iiidfl ttitli iiiofidlii* uuHvitry, Tlio disoovory of tlio 

iiiififirtiiiiri* of liifrriiry' %vim piiwdy lU’iddiaitaL Tlii* ytoltl of 
jililliiilir iiritl hy iisiiitf siiififiiirii* iifid itlotio wiis vory tiitsidiH- 
fiitiiify mill iwa*ry rifort %v'iis iiiiido to fmroiliiiii flit* iiitmi 
riiiifliiiiiiiH fiir tin* yiidiL Dm* dity oti 

rotiirii from !iiiif*li tin* fdioiiii^t ritiriigod upon this rmuiridi 

till' iifumutififi roodiirtf»il iliiriiig his idimuimt ii vary 
iiiiirli ^hdd tluifi ii.niiid iiiitl lit* siiiiiilit ill viiiii for tlio 

of iliis li^tolli^liil 4 t niid grillifyiiig ri'siilt. Frr- 

lopiiig of flu* «t lu«t rovoiiiotl tliii fiifti 

Iluil dtiiifig flu* lii*ofifir Ilf di:if partiniliir r|iiiiiitity ilio iWMintfiiit 
Itml hrohmi u t}ii*riiioiiu*ti*r tio wmi stirring flu* Itiif iritiliiro 
of fiiifilifiiidoiii* iiiol mdd liiid tlio iiiiwiiry liiici pmit iido tlii! 

This mis iiio>t ffii'tiififiJr, ;iiid tim flow iiovi^r iifiitfs 

I ho itmrioirv, ivhioli mi tin* yiold ttiiii lliin is luiw 

fiiii* Ilf fill* rlimijtiMl jirirrsi«‘S of I tit* itrf. 





lipfelMnli'tti 
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TliLs plitluilie arid 

is next ronverted into 

plitluililtidf* fil'H! h\ 

the irifluenre of heat 

an«l tlaai h\’ aiiiiiioniii 

: Miditilii fii-diiniiie 

and ehlorine them transhumi tliis prodiiet 

into aiilliniiiilif' «ir 

o-aniinoh(mz(hc‘ ac'id. 

^ an .shown in flic* scdieine helom*: 

/OO-OH 

. 0„H,/ >NH 

XOO''^ 

.00-OH 

* 

MH;. 


\oO-OH 

Phtiialk add 

Phihillmide 

Anfiiwoilir isrM 
m «rW 


When the ehlernretie iifihi reiifin witli jiiitliniiiilii' 
e-ph(*nylglyc’oc‘ollc arhoxylir iiri*! is tAriiinl nini irini?-^ 

at upon the tnic*k iif thi* Heiiiiiaiiii hyiitiiesis. 


.00-OH 

Ot|H4<^ ‘ Ofl OH..OO*OH = 

H + I 

AatlMfaaili« add I- chloficttk «cl4 



O0*0H 

KHCa,OO.0Ji 




+ mm 


It m hut a «iep from ilfw lii«i Kiilwliitire In iiiiii^n iiltie 
and tluH ecniversiim m i‘fTecii*i! hy ii witli PiKliiiiti 

hydroxide; mi iiitc!riiiecli«t,e pliiiMii of flic* reitiiitiii in riirhtiiii- 
doxylic iieid; the iilkiilifie soliitioii prtiri|iitiiti*« iitilign hliie 

on treating it wdtti a eiirreiit fif itir. 


.00-OH 

0«H4/ yOHrOO-OH 

cAiteif Ite mli 




\om 

lit •fW 


20«H,, 



OH + 


O m 


/OO^ 00 

OoH4<( >0-'0< + H,0 


'HH'' 

Im4igm Mm 
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is to be regretted that ITeuniann did not live to see his 
:iod brought to a commerrial success. The advantages 
his process lie in the amount of naphthalene which is 
cient to replace all the natural indigo and in its cheapness, 
igh its price has doubled within a comparatively short 

idophor. Under this name there has been sold for a long 
5 a grayish green powder. This is the carboindoxylic 
mentioned a})ove. It is used for producing indigo blue 
alico printing. 

rnong other syntheses one by R. Blank starts with chlor- 
oriic ester which is condensed with aniline to furnish the 
^ene ring. The anilide thus formed is converted into 
loindoxylic ester and this by saponification and oxidation 
^adily changed into indigo. 

indmeyer originated a synthesis which starts with chloral 
..OHO and employs hydroxylaniine and introduces the 
cene ring in the form of aniline. 


Naphth.\lene Indigo 


- is of interest to note that employing the Heumann syn- 
is upon the na])hthalene glycocolls produces varieties of 
go containing two naphthalene radicals in place of the 
il benzene rings. By this cluange in comj)osition 


CO 

< >c=c 


Naphthalene indigo 


color is changed from blue to green. These can he produced 
L a good yield, hut have little technical value. 


Indigo Red 

,ccalling to mind that indoxyl may be oxidized to indigo 
5 , it will be seen that a carbonyl derivative of indoxyl 
3d oxyiso(*arb()Btyril could undergo a like oxidation and 
Jensation to a substance analogous to indigo blue but 
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(•(mlaiiiiiiK two cjirhouyl gruujis. (inlii'M*! shkI ( niiiiiui 
piircd such u derivative of iiidigu iUid {jav«' tin- naiiie <>! i :u - 
hiiidigo, a retl cotupoiiiid. 

/ JO,Mi 


/0(0H) 

ZCoH^ >0H 

\ NH / 

Indoxyl 


■> C„H,< 

\mh/ 


jIH/- \kH 

Ifllllgtl 


/ V 

20oH,,<' ^OH 

\conh/ 

OxylMctrbostyfii 


< —C0~. 

y‘ 

fin. wh/ 


-00—, CO ,, 

>0“Cf 

^Cp-NH^ NHCO^ 

CarWndifti 


(Vrhindigo mift» like wln*ii 

and oxifiaticni* 

Indirubin^ iiHiigcj|iiir|)iiriii liii iHuiiirr iif I4iir 

and may ha prapm! hy mixing waald> itlkiiliiii* 
of indoxyl ami iniitim Bitayer iiiifl i4iiiii<*r!iiig, mlii* furiisiieij 

this, aallecl it an indogaiiida nf imtiii. 

O 11 H 4 / ym 

^ 0iiHi 

It w pnsHilila thiit thin pyiitliatlr pnidtirl. iflniitinil ivilli 
th(^ indigo rad foiind in tlic* liiitiiriil iinligm 


Thk (fit Tiifc Hixm 

The Hpleiidid cinalilies of iiidifo lijivi* lii^en hn 

«o many eaiittirie^ tliiit it mni' of any piihii iMlifi mfiirli 
emild C’liiim ehwt! reliilioii^iiip with it ivonld full lirii in a 
large Hliiitt* of the eticliiritig ji|ipret'iatifiti <if f hut dvr. 

Two red dyen have lafely iifinii thf'^ mukH liimi 

the firm of Kiille & (*<f. m*hirli iifi* rlfNidy tiliitrd to itidigN 
The«* dyei iim known tm tliin-iiidigti ii*4 If aiwi lliiii4tiiliiei 
pearlet It* They roiititiii ^•idplior -ioW, fur 

m the iiiime wotild iiiiliralix 



IXDICIO 


I'lMfii till* liiarkft, tliiw i!yi*H iippt^ar in thn form nf tcmI 
mfiii’li I'ftiiijiiii 2C1 |«»r nf innc^lnliln <HiIc>riny^ ninff<*r. 

llir\ nrr iniliifi’ii li\ fitniiHliini^ lUiHmiit hydraf^nn 

fit Iriirii I iiiii|ii*tiiii|H tliiif uill di.H.Holvc* in {ilkalinn lic|uitlH» 
III *iif*t* fill*} iii'f* iijiplirct iii II iiuiiiiinr Hiiiiilar In inclign hy tlu* 

vnt 

Tliiiidiidigf* ri*ii II till* ffiriniila, whnrnin it 

md!! Ill* ilini twn iiniiHi jirfiiip'S C“‘A‘ 1 I) hiivn hnnn 

hy t\v<» Biilpliiir iilcuiiH wit,It a n^niiliing rhiingn nf 
riilur frniii liliii* in 



Iflilf# Wii« 


rn«i !l fikn ^uliililn in mwliiiiti wiliiltiiln iind iii 
ilir Miiiif siffii* rniitrlifiiii4i» fhiti it limy Ik! nnipktynd 

fill thmu$.. ill II iiiitfiiirr «tiiitar t*i llisti fnr tlin Hiilptiiir ilyns. 
Tliip fiiHlniik |iriMltirr« ii ^tiinb iiifnrinr in <|iiidiiy 

ill tliiil fpiiii till! %^iit firnri'W. 
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THE SULPHUR DYES 

1'llLH cLiss of fIyf*M is id oiirt’ ifiii* nf flir iiiiiid 
!h(* Icanf uridonsloocl. Hiiir fit uinl 

appHc'aticHi iirc* cuiiipiinilivrly roriiil ; llii*)' arv in 

wnt(‘r, art* not «*apal>lo of lioina rrfiiioii l»\ any Lnottii 
of oryslallizafion am! an* r:i|iiil!\' iii iipii^d f'lnuliiion 

liy t!u! air; limu'o tiic* litili* proHiil nf tlnnr ofii'inira! 

oouHlitidion. 

Thoy clorivo Itioir iiaim* fnnit tin* fnof f!i:il niploir 
iilono or with canidir alLali in oilali in 

propiiration of alimnt nl! *ft iloin 

Thc%Hi! flvo.-' hoiiiwi'f, ill id' ‘i»!i no of 

phiflo. I'h'oin ttio.o- .'oliition niiH:oiih»fdf li rfifom 
tlio dyo wliii*!i on /•uh ni *•%!«» ijn o, air *• sopdod 
io mi ifiHolulih' fa^t riilfir in fin fibo ; f!io piip* i i *, 4? id 
Eiiiih^goiiH to tlijit of iinli^oi d\*iin/ In i|p ‘oinnoii of Mioinio 
Htilpliichn it y niippori*fl flijit tiip du i* pt< nit a- » lomfi 
lannjMHifid wliifti tlio o\\ii of iho oi! ojia* into dp* da , 

A i!yo of fill- i’In i!L«i'fo'f'O 4 in Hio nml Po 

wnnct tiriimooiiiitaifD ri*i) on fm fiiiflii i hoi!, wur 4,0^* 
fho Hiilphiir dyo.-for iinj' p4 t da? » 

it.HdiHC‘ovi»r(‘r?4 (h‘oi-aifl ami llintt *»f ifoo d I trljop do I ,f\:d‘ i 
rcnNlllUa! from llnir Imviim fo i li iadn'-y bin., .nml » i# 
liiiiiiiiil and hiilmifi latoiifiiiit iiiili iiohaii ■ ol|d.nl» . I?i 

Hpito. of llH iiffpiidio iiiioi, n Pniltd * , an io Mofiiomm lit 
ill dytdiii^ iiiiiiiofila III i fi f'ofOm a inafj’h fhoa Hhnh 
tiirriocl liriiwii In id mo'pin'iit o\ii|;oion h» ?|n* td 
moni with liiofnllit* nnlt- umdo || O’ * I loh I o ff afin' I ♦, In | 
to iiiddi4, iillcahV-, iindiifif nod fait!;* lit fpil 

not to llio art ion of f4ilfiriiifn 

m 
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The sulphur dyes which arc once oxidized by the air are 
insoluble and lose their power of dissolving again in sodium 
sulphide solutions. Indeed the character of the dye is wholly 
changed. 

VidaPs Black. In 1893 Vidal made an important advance 
in the manufacture of sulphur dyes when he fused the poly¬ 
atomic phenols and quinoncs with sodium sulphide. Later 
he employed p-phcnylcncdiaminc and p-aminophenol. The 
last-named substance yielded the valuable Vidal black when 
it was fused with sodium polysulphide, or its equivalent; 
sulphur and sodium sulphide. This has found extensive 
employment. 

Vidal believed his black dye to have the following constitu¬ 
tion: 


/\/ 




HO 


\/\ 



Vidal black (?) 




OH 


and his belief was based upon the fact that Bernthserds dioxy- 
thiodiphenylamine was found to be an intermediate product 
if only a lower temperature was employed for the fusion. 
Its formula is: 


HO 



\/\ 


\s/\/ 

Dioxythiodiphenylamiae 


OH 


Immedial Black V. (1897). Further advance was made by 
firm of Casella & Co. in Frankfort; which introduced of many the 
sulphur dyes under the name of ^Tmmedial dyes.^^ Their 
immedial black V resulted from the fusion of p-oxy-o-f- 
nitrodiphenylamine with sodium sulphide and sulphur. This 
substance was prepared by the action of dichlomitrobcnzene 
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upon p-mniuoplnuiol, uiiirh may hi* mil miili lin' aid 

of Hodiiuii lu'cdatc^ iu oitlu*!* walor or alroiiitL llio n-mtiini 

in HH follows: 


Dinitrochlor- 

beoiine 


\/ 0 H 

p-AfMinoplien«l 


+ HOI 


*»ai 

Tho fusion cjf this pmdiirt \u‘i!i siilpluir ami ftiniiiiiii milfiiiitio 

ykdcLstho iinimalinl bliirk V. 

Immedial Blna. (fxichitiiiri uf iiiniiiilkl liliirL \ 
it lui« boeonu* fixrct upon I hr filirr by nr 

Htearn and lar roiivorfs it into iniiiirdial lilnr, iifintlior valtiiilflr 

Hfuuhn 

Vidal Black S. w tin* Viilftl Ulimk mhiflt htm l«iai Irniii’il 

wuth sodium liiHiiIpliiti*. 

Immedial Sky Blae in it wiliiliiir dvr ivliirli iimiiliii fnini 
fusing cliiricdliyl*p-iiiiitii«>-|Mivy*itijiliiUtyliiriiiiii'* wifli Miiiiisiii 

polysulphidr at, 1 HP fn I lAk 


(0H,)2H1 


/N 


“ ptiiit <1111 Hi d 

H |0H;,K.M 






tfcf lift* > 


Tlu* ttioHi iunKtrf-iHit, wilpliunlyci' an* flu* l»lark« iiwl bum’rw, 
though tlion- ««> iilwf foiiiol uniong fhoiu hlui% gm-u, yiUiw 
ui»l orange dyt-H; red w laekiitR. The »,!dif<iiinrrn twd ft»r 
variouH exiu«ide,< ef iheM* ilyen are givi-ti Wnw; 


1111“, sriJiirR fivKH 


:iii7 

St. Dtiiis Illiick iHt> 4 ; i« ••uli-- Irmii I hr fiiMicni of 

i w'i ,m!' li ill- uivrs in watcT 

’ ‘ ^ villi ,t hot I rolor 

M . * < I o M|fuv itowII ,i browii pri‘c’ipit^at.1*. 

t . ^ ** . ? ' ‘ ’1 / !*(ii i bii r. 

I ' i I 1 * il ball* Ifoiii «'rnyisli blm» l.o 

Siil{iliiiit* lirtiWii i%lli ! :f!i I .'iift|fli* of Milfiliiir 

5 ^ ’ v t I tio iiitroio’ii. I'o tofikt* 

‘ ^ - , j Ml If»i| ttiiIt ftilifiiii |Hily.stiI|liilo. 

I H ' *»# i *iM/ fM ft ‘'tiibif iiiii, 11\ iiroc’lilorif* 

* ' 4 ^ .1 .|4»m ^ laoit t«iii, fill joivJiili* 

V ► « 4 ^ » I' 'i >1^ *#b > iiiaLr lio rliaiip*. 

i 1 ‘ ^ Mfi ; ,1^40 Mi III broiui, ttliii’ti ii4 c*liafigi‘d 

i ^ . i, i • ' # ’* ir i* lii«* irariiiiiM Hhiulog 

M , 4;< mJ«| ,4«4 ImIiI , bnt tiol fiiill iiffllloritll*. 

IlrfllMII l#rr^ll f%f|M 1^4 |lJ%iiyo III ,4|||r Illllfi»ll tllllt4‘ll 
/* t ► I' ♦ it 5 5 I ffi nil!ii|ilif liiit, Hiwlfi, 

!t , ' 1 li I’l,!' i|ii i 4 Ifbirk umm ri*.^i»iii- 

» I iv a 4 4ioi^ 4i' Miftir if\iftt/ 4 M, !»y i*\|ioMiifi* 

sM 44 / .1 ’i \ bbiilc |iri*t‘i|ntiif4^ 

M b « bl-M. *4 041 .‘.i|l|i}liii«^ Ir^iiflt ^ ll|lllll llllflillg 

iwi4. 

I oi/ .. , 4.44*.,|^ I ibi#| « 4i{|l iMiiit wtiitli w vf*ry 
,o M Imm . 4^ ^ ^ ^ 4Ii 4 all alii'H Imi tiiii iirklH. 

l%iiiltiiE lliaik f«r Wwil nU^kl I jiiodfi* I'd by ftiiMiiii^ I :H" 

fui I ^ ‘>5^40 ! n Mil i 1/iii4n»oi ijibfli,iii'ii» iiiiif i*iw{M*tltlilig 
io M. ^0^4 *4 ilfpoi MiiiitiiiiiiiiF^ Hiiiitiifi t4iil|i|iiffa 

lb ^ .1 i; L# sa4 li« il'M* i/^ !iiiiii«*fi 11^ II bliiWt-bbirk 

I tl b i a iff ^itlf viidrl ridur mlilrti In 

4i,0,u M. ,, t J,i# f« iJilNIi by tiiii»»iir Hwlii* 

11*^4 ^ I Jwl 4 litark fiiiiii lilt litlii liiitli; llio flyi! in 

Ml ^4, 4 Ml id yjii i mn 

^ 44 fM4 b'i4 tli*M4iirlii I iifr riillfitt blitrk lb 

14, Ifii* M ,,|mJ 111 If rifi Ib llibif ?if«nttitir laifliiit 

Ir. *4ff Mil 4f bl liMifiwoii fibirli lliifiliii! Iifiirk, 

4*4# blo’i li birl iiliirti 

Ib’M #itll#fiM|iiiiifiiiO rti% 
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Remarks upon the Sulphur Dyes. It is now believed, 
that the sulphur dyes contain one or more groups of organic 
disulphides which are converted by Na2S into soluble mcr- 
captans. These mercaptans have a direct affinity for the cotton 
fibre and are oxidized during the dyeing operation to the 
original disulphide. Sulphur dyes appear to contain certain 
chromophore groups (thiazole and thiazine): 



The thiazole grouping is found especially in the yellows 
and the thiazine in the immediate black. The Badische Com¬ 
pany has discovered a new series of thiosulphonic acids obtained 
by the action of Na2S203 on quinone. This scries yields new 
blue sulphur dyes when fused with dimcthyl-p-phenylen(i- 
diamine (CH3)2NC6H4NH2 sodium sulphide and sulphur. It 
seems probable that these dyes contain the thiazine grouping. 
The Hochst Color Company has finally obtained red sulphur 

.N 

dyes containing the azine group cf I > by treating hydroxyl- 

ated azlnes with ISra2S and copper salts. 

Detection of Sulphur Dyes on Cotton. The presence of 
sulphur dyes on cotton is shown by boiling the sample with 
a ten per cent solution of caustic soda and, after rinsing, 
boiling it in a solution of stannous chloride. Hydrogen sul¬ 
phide will be liberated if a sulphur dye is present.* 

The primary materials for the manufacture of the sulphur 
dyes have been classified by Fricdlander as follows: 

Class I. includes the primary materials for the manufacture 
of the blues, violets, and blacks. These substances 
fall into three groups. 

Group 1 . Nitro and aminophenols. 

* A. Wahl, Mon. Sci., Sept., 1907, 608-1^. 





'i Hi, >! I.IMll 1! I>\ KS 
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.-tml lifiiv al ivi'S (if <li)ilH'tiyl- 

f *’ i» ,i i 'III?; iL-ijf J| 

’ " * *’* I'j?! iif'. in sif ILfl/-*. fitr ynllfiWM, itfcjuian 

i n u|* Hi ilir w iliainiitf.s and tlndr 

' Itiifdijf'fM ruiilaitiiinc a 

■'I* |iii iiioii; alno flu* nntinns 
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MORDANTS 

Ttm annual fibron nilk and mnA wlmi witlumt 

pn^vintiH t^(^flilnc*nt 5 inln HoIutionM <if ftjbniiig linittrr fri»»|iinii!ly 
aliHorb the color and hold firmly that it b rHaiiiod liiiriiiK 
HubHnc|tinnt wanhin^. C’ottcai on fin* (miilriiiT Iiiw fur Ii'hh 
power (dthca* to abnorb tint tailor, or let liiilil it lo 

waahini^ afterwartl. Many HiiliHtfiiiroH hnvi* fbo ptiwor to 
afleci tlm chanirier cd I ho ccitfoii fibre flint it tlmii itdiii%a*w 
more likft silk ami w<ad; it then nbwirltn llii* rfiliir jiinl ihn*h 
not. give it up iigiiin to wiiler. 

The HubHtiinreH whirh fiirililiite file dying of riiffiiii iit 
way are cidled imirdiiiitH (!*’reitidi to liiiey from tfn* 

if lea that tla*y were eapitble of bitiiiL^ iiito or iijnuiiiiM, I lie 
eoitfui fibre! Hothiii tlie roliiriiig iiifiieriiil einiJii iiinl fiiitl 

HO manire a Imlgnieiit within tfii? fibie tliiil, it rmtld mil k* 
removed by water. 

Coiniiion alum In ii nioniiiiii, iinct an illiiP-lriitinii of ii^ l^diitvhir 
biward a dye eiilletl rariiiiiie froiii nrliiiteiil ivill exliifiit itM 
preeine function in iiiakiiig eott<iit retidii the dye iiii|«trieii 
to it. If alutii ill di^^ftlved in ivfilcu*, tin* wiliitioii %vill rettiiiifi 
colorleHH and triiii?<pitreiil; inlililiiai of itf|iin liiiiiiioiiiii will 
produce a whit4* fbcciilriit geliiliiiiMiii of iiliiiiiiitiiiii 

liydroxide, iiccordiiig Ut tlie follciwitig reiirlitiii: 

KaAl 2 (S 04)4 + 6WH4OH » 

2 AI 0 ;iH 4 + E,|S 0 | + S|ia|h.S 0 | 

Tliirt hydroxide k white nini iiiakeii fhe Milutioii iiirbiil nitfiJ 
it finally to flie laiftoiti 11.^ u priadfiiliiify lending flic 

liquid cteiir above it. If « lilifi* ml tmchlfieai cxiritcf In* poiiml 

Itil 



MORDANTS 


401 


into the same vessel containing the aluminum hydroxide, 
the contents well shaken and the precupitate allowed to settle 
again, it will be noticed that the aluminum hydroxide has 
seized the color and become stained by it, and on settling to 
the bottom the water is left colorless as before, all the red 
dye being extracted from the solution. This white gelatinous 
insoluble substance has a capacity which cotton has not, of 
fixing or uniting with coloring matter so as to hold it fast. 

If an imperceptibly small amount of this gelatinous alu¬ 
minum hydroxide could be first fixed in or on the cotton fibre, 
it could not be washed out, for it does not dissolve in water 
and the fabric thus enriched by this slight addition would 
assert the properties of aluminum hydroxide itself and absorb 
colors and hold them firmly. 

This is just what is done in preparing cotton by the use of 
mordants. The cotton in the form of loose flocks or in the 
form of yarn or cloth is thoroughly and evenly saturated 
with a solution of alum, squeezed nearly dry and then passed 
into an alkaline solution of, e.g., sodium carbonate of the 
proper strength. At every point the particles of alum in the 
fibre are reached by the dissolved particles of the sodium 
carbonate and transformed into the white insoluble jelly- 
like aluminum hydroxide (or according to conditions a basic 
aluminum sulphate) as shown in the following equations: 

K 2 Al 2 (S 04)4 + 3Na2003 + 3 H 2 O = 

2Al303£[3 1512^^4 Hh 3N’a2S04 -f- 3 OO 2 

The cotton is then washed without losing what it has gained 
by this treatment and the now mordanted fibre will absorb 
the various shades of color and hold them securely, beyond 
the power of water to remove. 

There are many substances which are used as mordants, 
some white in themselves, others colored; of course the colored 
ones will modify the shade of the dye subsequently applied, 
and even the colorless ones often change the color of the pure 
dye. An example is furnished by aluminum hydroxide which, 
colorless itself, produces various shades of blue when dipped 


\ 









402 


CC)AL»-1'A!i i)VKH 


into a HoUitiori of loi^wond; aindhor r(4(>rl<‘SH inoniaiit, hy<li’fi\- 
ido of tin, pn^oipilafcal on c*(4lf>n di‘Vf4opH Hli:idi‘!« <»f rf‘ii 
wbon dippc‘d int() a similar solution of lo^wooti. Friuii tiiis 
c^xampki it is c‘vi«lcutt at (uua* that a Hijigla dyostiilT may ftirnisli 
the dycu* willi a variety of (lirfc*n*iit aolors ac'rordiiiu tt» I In* 
particular inordant oinplijyfd. 

Th(‘ primary roason, liowc*vc*r, for tin* iiso of a nnirdaiit 
is tin* imparting to cu'dinarily iiidifff*n*iil tin* riifiarity 

of s(*i/,ing and lioIdin» firmly tbo dyos tlial roiild not utliiT- 
wisc^ he rc‘taim‘d. 

Though silk ami wool liave heen iiieiiti«nii*d as filiros mliirli 
(‘usily bc‘c*ome e(4ored without flie as?^islsiiif'i» of iiiordfiiil*^, 
still these* suijstnnees arc* .soiih*I lines iieedeil, miieii their art ion 
is similar tc» tliai (*x!iihited in tin* ease* of eoftiui. In aiiiiii, 
K2Al2(Sf )4)42'IH20, \vc* have an example of a riiiiiiiiiiii iiiorfiittil. 
The aluminum in this Hiihstaiiia* is flic* fdlieriit itpiif, fur 
hydroxide is innoliilile, and forniM the true iiiordiiiit. Other 
suliHtiinf*eH c*ont4iin the Haiiic* f‘!eiiieiit, aiid lifliaitiiiies if h 
applied to the elotli In Hiieli a fnriii flint the firiii^ess of aiieiiiif 
(eexpoHurt* in a moist, c’ondiliofi to the aiii ivil! firiiifiire lui 
iriHoluhlc! ('ompound of aliirniiiiiiii ready to roufliini* ivilli n 
dycn Hornetimes the* iie<*tiite of aiiiitiiiiiiiii, Atrlhif 
is usc*d; for thin suit f*iisily Icmcis itself to ftie jirfiresit. of ligeiiifi. 
Thirt aiceini^ (mnsistH in the cleeoii^fiit^ifinn of the iitiiiiiimiiii 
ac*eiiite hy tlie water wliiidi is present lipnii I In* iliiiiip fiilirir 
or in theHtf‘iim tlinl is iisecl to liitsfeii ttie iiMtdtig prorew, llie 
final Htage is reiielted wlieii the iieehite k nil to 

num liydroxidc*, the reartinii fur miiirli folium 

John Thom %vas the firs! to oleerve lliaf tinu** nii elerlii#* 
iiiliiiity of the bases for the rarioii:, eoltuiiij^ iiinlliu'u llmt 
isj that the hitH<*H have* a stronger littiaetioii hii roloting 

nifitterK than for otlii*rs. An f‘Xfiitif4e of ihi. mai la* f^ren in 
iilumimp miiiefi Itiis a sfronyer ntimetioii for flit* piiipApIr 
of miidder fliaii for flntt ol higwood, and a |fieaft»r affithii 
for the. latter tliaii for *|iiereifrom When a plrnt nf etolh 
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with nhiiiiiiia h in ti dncoctinii of 

i|iif'rr‘iir*iii liiii'k, if a i’ji.hI ynllow Imo; Init, if ii m 

^iltorivard mi'll aiiil llifit kf*|>t fcir soiiio time* in a h«)t 

i4 fin* nltiiiiinn inirf^H with llic* roior of the* 

i|t|frt‘iiI'iiifi f«i nifiiliiiii- mifli flail uf tho lof^wood, and tin* <4ot.h 
udliiii III |iiir|i!i*. If now if h(» difj'Htod Oir a 
frii’ wdii lift iiil'iiHitifi of inndflor Clio!}, tin* coloring 

f4 t|io liiiniiiiwl H iiiriinil imt, and fli<* alnndiia indl«»H 
mifli tloit «ff flio iii'idiifr, Ilio rlolli Lh iiciw found tti he* renl 
i4 Till* niiioiiiit of tin* aliiiiiiini npofi tlin fihro 

ipit III hi* ,Nrii:,Hibly itllornd hj tliOHo Hiilmtitiitiona* 

Uii til* Till*: TnxTinn FiiiUKH 

W©#! Fibre Tliinviml filirr i:« hot It arid find bitnic* in nliiirfud-nr, 
flo'-Mi iatiiir ■lilt u.o’fi ifionlfiiitH iiinl roiidiining with 
ho^li d;r id a.i/d tLo ha-f' ol tin* Hall. Tin* Ih niiwi 

lip* fifidiiir tfiii|*f»r;il 110% litil fur tin* hoHl. 
iia’ iiroi not hr ti* rufiijiiooil liiilit tltoy liiivi* had tiini* 

in i^’iaUiafr 111*0 thr dhro fbpoUiiinii^ition ifi rffarclinl hy 
ihr o-r ?4 f|i| 4 nit-ir /it'hh li>dritrli!oiit' or oxitlin arid <ir hy 
faftiair* niai ill I'fifijiiiii'lioit mdfli ftii* tnordfiitlili|< 

«fiil, 

Silk Fibre. /ih-oih'i I'roiii flirir diliito ftf|yia>ii?i 
Ah"l stirdoi* Iriiio iotiNly I llitli‘.- 4 oii|, Hilk hidlllVi*H 

lilo‘ mnol iffm'ild |iiri,d!ir ii'*rii ftii liiiinliifit It dnroiii- 
fill* fvi*j 4 in «'ol 4 Hilli art'* }iko wool tiiwaird 

ill itrifi rnl litil hm iiffiiiily lor arid ritlorH 
and II fifadf'l lor li:o4r' 

Cliltiifl Filfi* Uotfoio miiilr it m flir fdirfi|MMl of ttii* 
lihfi-a fill* liiirt* llir jiiiot ililliriilf itiir to dyin TIiii 4 

ditirulfv fioifi thr %r* 4 !-iii|d« iiidiflhrritt idiiiriirfjrr of 

Up'” fiiisr It Iw 4 tn\-* mdtlirr t!ir |>ri*j«ufinx of mi nidtl iiur 11 
h‘r’0 and ihriilofr i^xhilfsf^' iittli* irfiiiritry In fnriit wiiti 
ifihtiro'; hi iiiialoi?y ihr mtifiii of ivmil fitnl ?iilk* 
III III As#ii 4 r‘ If fior '4 r%fiiitii an lirlixdly afroiiply ittnrknd 
W'lwii ill 41 rtolidioii of Iftiiiii** iiriil II il 

i%dh |o*Mf iiiidil mid hirp" fniiii tlie iolntkiit# 






Among ih(‘ most- impoiiaiit iiiorgniiic* liim'daiifaro lliosi* 
which liiv suits corr(‘H|H)!iding to iho s4‘.sqiiio\ii!f* of ih«» 

g(m(*rul f(»rmula d'ho suIIn of :t!iiiirn!tiiii, i Iji’oiiiiiiiii, 

unci iron arc^ tlu‘ mcKst pnnnincuif n\:t!iip!f‘>. lliorc an* iiimiy 
cliHercmt. sult.s of thesc^ buses in m'luul ihi* uimI whirii puiliniiur 
one is to be? uscul clepcuids upcm flie kind of fibre io bi* du-ti 
and the kind of d3'(* itsedf to be applied, lii all the 

objt‘(*i sought !)y tin* dyer is to pna-ipilufe friuii the Muliililr 
mordant salt an insoluble* n»siduiii!i in flu* sfriiefiire oi flu* 
filirx* itselfj wdtieh latcu* slndl cMuiibine with iiit elir n** 

coloring mattcu’j turning it into an iiiHiltibie eoiiipftiiiui tiiul 
will not wash away. 

This insoluble* residuum entrapped iii flie fibre is clieiii- 
iciilly diffeu'caii from tlie* Half itself mid it cmisiHts eitlier iff flu? 
hyelroxide*. of the bane or a very basic salt of the siilire biisi*. 
Various means are emipltn'ed for the fivaiioii tif lliis Iiy*lrii\idi* 
in the structure the fthri% but if is inleresliiig In imti* fliitt 
the fibres theiimelves often extui a siiflicieiifly rlrfHig lieenfin 
j’josiiig action wdtlnait the ilhiiiiI addifioti of soiiit* itlkaliiiis 
re*agcmt. 

Wlierp feu* imstaiice, eaittoii libreH are Hfee|ii*«l in iin 
solution of aluiip K2Al2(HCt|j4*i llf^t lUid tben aflor tiruny 
replaeanl in pure* watei^ a iirecifiitale of llii' li\iliaie of iilii- 
rnimiiii is lefiwittiiii the ef 4 !“ivali> iiiid tubi* wilbout Ihe prt 
of alkali. This is probaldy diie to the dial) fie nrfinfi nf ibi^ 
cuiter ineiiibriiite of the fibre* wliicli lillottN the dr ow'ia!f’<! 
erystiilloidiil part- of the aliiin to ilii'diHi* iiiiti the %wiier irliile 
the cailloidiil iiiseiliible liyfinixiile e-»^ca|it% 

The viirioiw iitmiliible precipititlf^s furiiieii by tli** niiidiiiiro 
tion of the hydnixiiles with flii* roltilile d\«*- me tesmIJy 
known «« liikeM. tHher itieliiMir salb- »it}i aluio fbe 

pre)f")eriy of so dissoeiiifiiig as i«i liaivi* iimoluble liyi!ro%ide< 
in tfie filire. 

When woob wfiieh by tiiifiire b bftf!t arid atiii ba-iiy h, iiti- 
mermi in a Holtition of itliiiin tla* tvool combiiif^. iiiili the ludti 
and baste porltoiH of the alyin mei Ibi^ iieiiiiti of 

the waiol h so strong ihiii if h4t in itself the ahiiijipiia fim* 
ciroxiilt* would iittiicli ilsidf too finl piii! Inn iiregnliity^^ |ti 
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fill* filiri* .sii L*iff‘r fft r:iiLn<* ti!ifn'i‘ii dying. To prc^vcnd Itiin 
rafiifi i|f»r<iiii|iM,Hiii «4 c»f tin* wc»ui n rt*rtaiii lunuuiit (4* 

.Hiil|>liiirir arid m niurdiiig iiiny hn 

\iiiiiiiiiiiiii hi an wliicdt hy thi* viiri(*ty of Uh {*oni“ 

alii! till* iii‘4jiliilily of ifiaiiy of lliont a paruliar 

rid;i|»i\ Im tlir uf i|if» ityiT, It fiiniiH normal hjiII-h 

ill idiirfi if,'- full nf’ fliroo in aafiiraird by tim radiridn 

*i| ilii' I «iiijfipifj aridri, itiif! it afsit foriiiH liiisli' Haltn u'l}(*r(*in 
|otai|i?4 ifiir itr iityri* of I In* acdcl rmliaiilH. 

IliiH bifility Ilf bniiiitiy liahir hi «if fho pyoatnHt value* in 

iiiiiny iva}4s for tiii* iia*! of wool and oof ton cliffm* ho 

iiitifh ill tliidr iniii'i* on a .^oliilioii t>f aliiiii tliui wtnm 

Hill li II i'. ii-'-Fd to ifiordiirit wool, fri*o Hitl|4iiirir iicdcl 

or II Hiiiiilaily miiiig iitiiHl in* jitif in llir* mihiiion 1.0 pro- 

liJiiiiiiiiiiiii livilrovidn frimi bring bio rapidly flrponiincl 
ill flu* filin* aiifl tlirrrforr iitir%aiily. In ittorilaiifirig fmiiotp 
oit lilt* ar>', tli«* idoiii luiiilil hi* itrfrd upon loo hIowIj 

III flio iiiorf rollon afid fbin ?i vimi\nmml of iiliiiiiiniiiit mom 
^r. ilv dr' fwTifr*! u oii and flir I flint taiiployod 

I till** of f!if- iiniiii Irrir of iiltitiiiitiilii. Aliiiiiinillit 

nipkifr, b ;i%drg frlra-rd *i pnrtioii of itn iirid iiiitl iiikim 
fiydio\yl ij. ib. pi isf% i - n iitiitdi liiort* HiifM*f*ptiliIr of dn*iifri|io- 
dt ion ill mi *'ololiofi llaifi fin* iifiritiiil Hiilpliitfr ilml tli« 
iionlivr rifiloii rail i aiio* a ilopiHiliiiii of tJii* iiinoufii 

of Indiovidr in if* own filnir 

I fniir -jiiibrii of Iro'r nbiiifiiniiit witpltiiii* uh if tliorr witrci 
Irif itim; rr* a itiafior of lari fimr nrr iiifiiiy bfi«ir 

vaiTliiit ioiH tif io*ir| nntl Ifiinir groiipM. Hoiiirt 

air Hfiliibir ninl loum* iio'oliiblo' fiit! intlrr iif rciliimi ri 4 rtlifti 
bo iifaol Afil oiilv art* fiiittiy «til{ititit4ifi 

ilpm-io bill badr irrtrilr*o Inrdr r|i!<iriflr» lillt! iilheri, lilt 
|;ovoodlig |r4iIitailni iidvantri||i* for pttitii! piirtirilliir 

Idini tii ihidlif* 

Tlir f find IIm* olilr^t iif iiIlllTiitiurtiy 

ynmii a* altiiiy h^ n trniidiiri nl iiliilii 
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consisting, for about half its weight, of water of crystalliza¬ 
tion. The facility with which it crystallizes makes it easy 
to purify and this has kept it long a favorite form of alum¬ 
inum in the art, for a slight amount of iron as impurity in 
aluminum compounds works great injury to many dyes. 
A further advantage arises from the presence of potassium 
sulphate, which remains in the solution when alkali or the 
ageing process is used to precipitate the hydroxide in the 
fibre; the mere presence of the potassium sulphate causes 
a greater degree of dissociation of the salt and a more abundant 
fixation of the insoluble residuum in the fibre. 

Aluminum sulphate, Al 2 (S 04 ) 3 l 8 H 20 is now nuch prized 
and much used on account of its cheapness and purity. There 
is danger of the presence of iron and of free acid; furthermore, it 
is of more irregular composition than alum, but manufacturers 
have overcome these objectionable features and produce a 
pure article. 

The basic salts may be produced by the addition of sodium 
hydroxide, sodium carbonate and sodium bicarbonate, also 
by other soluble hydroxides and carbonates. According to 
researches of Liechti and Suida, aluminum sulphate is decom¬ 
posed by sodium carbonate and sodium bicarbonate as 
follows: 

AlsfSODs + Na2C03 + H2O = 

Al2(S04)2t0H)2 + Na 2 S 04 + CO 2 

a more basic sulphate where the aluminum suffers a greater 
loss of acid is formed according to the following equations: 

2 Al 2 (S 04)3 -f BNaHCOg = 

Al4(S04)3(0H)6 -f 3 Na 2 S 04 + 6OO2 

A still more basic sulphate results as follows: 

Al 2 (S 04)3 + 4NaH003 = 

Al2(S04)(0H)4 + 2Na2S04 + 4OO2 

These basic sulphates are soluble in water, and their solu¬ 
tions are made by adding the proper proportions of aluminum 
sulphate and sodium carbonate or bicarbonate. 
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llif* riitlHii tfi In* 1 in tlin ‘uiliiliftn 

fi| ;i!ii tiiiiniin ’'- 41111111111 ': tin* rnllfilt ''‘Iciwl) 

!li«‘ir |trrriii}ta! iiiir aliiifiiiniin li\iit’u\ii|i* in I hn 

flit* riisili' lna:-ir I Ilf* ^4il|iliali’ t hn liii n’l* liVtirii(|<*|i<isiln4|. 

I’ii aial I** iin lia'iM* flu* i|i*| jii’Al tifii flu* ('uIIhh lunv 

III* tlirniiiAi n \M’nk iini uf .•iiniiiuiiiia, lliin rcnii' 

f|ji» iiiinnaJ *»!' ‘ailiiliiii if ;if‘i4 tin* ha^ir aalt l»y 

Millet it niifr^ in ilmir filan*: 

AI.,fSO|t|OH|4 + 2HH|0H r- 2A10.Hj + 

M A il’ifi!'fiiiiH iii|4iati'. **M'I !ifill iiiun* baain 

11 ^ i If.n.alii Ibai; -in ^4 llrMf bill tlin\ ar*‘ 

i? ' hi' *iit iNt f \*i % !»a it* iifnl iliif»lilb!f* 
^ iamb ih*ai, ii*i' libt#» inf a- trim an wi*!! 

a f|si' I *ti abiFiiH.in} ji tb, Ih ihi* iiirriaiNn nf tli«‘ 

1*4 4 a »i t4* *' abO all ffi aljiifiiniifii, llif* 

af lla nmiiMiIi* i ili flif* lairiiiii! aill|iliiiti* 

I lia iWiniMiatri afllfM Ih bfiilfir* nr b\ i libit iflg witli 

Off; fi:r ba a* Al, ll ’Sll|< 4! abiillv iiihI 

Ilirtii|j|i|f4f h ; ba if mI* , \! n* SO| | jO If f n,, 

imtif* I a» hu 4 lip* ^t|jf ififiH* ba ir iilf^ AlatSC I 4111 H 111 , 

liifala lip vti \ Mil biiiiiiiff lit 4iliitiiiic ttifli witfnr, 

,1.1 iij'i aliiitiiiiaa la 4fii\if!ia fit lti«* |ii*4*Hrniri* 

Ilf iMflm#, iit4ril4!4\ «i| Op'.cn lalt < i- inrfliinial, Itilirli t«i 

•lit* aijvilibi a Iff Mip fi« fiAiaif I If I ptiin 

lllIRlIflllfll Acellltfra 11» , luiffi linlifiiil iilifl 

4abp|nh'l’ imiu ilm fafs*** |ii#fi»liiii» by 

t}iMi aini ntif-'i ii4'4if»r iliaaiiriiiiiiill 

< m| Itfit** afal l!ibil|ii|i iifi itllif lt<|liiaiilH 
'To# laiial mp VAv lia ' fifil llillllill4*4 ill till* 

lii*r a a '**1,4 \ nf a -iilt »! lliiM fniiitlilii 

y/4 liAbr, i iiii In In ifi'* iiUjir liltiiiiiitiiiii 111”- 

4lini|4r Ui a‘4. but 4 n irf 4 f 4 Mi 11,4 # f iliaiHl ilig fif ilJtl- 

fi iiiailti «'i'0« aii'l f ai i4 f afnffil i4 lllii4 

<<4fit|n|i a all nf ifiniij 
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SohitionK of ihe. nonual arotate mv pwiniml !iy art ini! mi 
alinuinuni Hulphatn with Itnicl a(a»tatn; tin* !f‘a4 
falling an a prncipatata h filtnrnd off: 

M2{^04h + ^FbfOoHjjO^k = Al2(Cf;»H;jO;.|,i -f- 3F»iSO| 

According to Lioc-hti and Hnifhi, iiornial alniiiiiiiiin fii*ntr4f.f* 
in not diHH(H*iat<*tl hy hoilitig or !»y di!iifi«»ti with w;it*’r. fly 
the addition of vurioiw propcHiioiiato niiiniiiifof mi- 

buiiate to Hohitionn o! the iioriiiid ariiate, ran ing 
of hanieity may he tdilaiiiiHl, an illii.Hllalrt! iii llie 
capiat iorm: 

2AldO..H30:da + + H.O = 

2Al24023a:i02)fi + 2Ma^i€0:i + %M.p = 

2 Al2{ )ti HH 3Ma^003 "I* 

2Al2(0.H;|O.};|{OH}:| + + 3O0.J. 

2 ^ 2 ( 02 ^ 302)11 + 4M%0O:i + 4HjO » 

2AyO3H:,02|,(OHh + SMsOjH,0| + 

Dotihliiig the {oriinilii in the Maaiml iitnl fmiilii 
reveals the progremre fielimt i*f WMiiiitii in Winn¬ 

ing the hii»ia aa!t. The tanir firetale^ ihtH iil#taita*4 
or Im aodiiim iieeintn lieing priwiil in riii li ri^e 
dif« 0 <*ii 4 tioii on liefiiifiif. Hie iiiiire hmk the firrinie, ttie 
lower the tiaiijii*rfiiiire of If liilialine 

are alwimti no iliworkthwi In pitiilitrifsl al tlie onliiiary ti-in. 
|ieratiire hy diliiiioii wdllt m^ater. If nllttt!iii«* ^iil|ilnir» me 
prweiiti hoih the lioitiial iintl li»ie ttrelatini atr iaird 
liy dilution with wister^ iiiicl iiiririi peridily i*y ti**iititi|». Ilie 
preeipitiitea formed hy lieiitliig liiiMr aliiiiiiiniiit iir#4iitt iii 
the al»eiiee of filkatiiie do not p*dp^'^*ilvr oii riMitiiii:: 

if alkaline nitlpliiitei nre priwiif, flie }in*-id|4tate^ lliiii IdiiiF^d 
do redtotftilve on eooliiig. Wlieit itliisiiitiiiiii »rri#fr m tiiade 
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from alum in place of aluminum sulphate, the solution of 
course contains a soluble alkaline sulphate, potassium or 
ammonium sulphate: 

koAl^(S 04)4 + 3Pb(q2H302)2 = 

Al2(C2H302)6 + K 2 SO 4 + 3PbS04 

The more (*0111111011 method of making basic aluminum acetate 
is by the combined action of lead acetate and sodium carbonate 
on a solution of aluminum sulphate: 

Al 2 (S 04)3 + 2Pb(C2H302)2 + Na 2 C 03 = 

Al2(C2H302)4(OH)2 + 2PbS04 + 2NaC2H302 + CO 2 

In both instances, a soluble sulphate is produced, and the 
aluminum acetate dissociates more easily. Where the slight 
amount of lead acetate remaining dissolved in the solution 
would be injurious, calcium acetate is used in place of lead 
acetate. 

The ease with which aluminum acetates dissociate facilitates 
their use in printing upon cotton where a paste containing 
both the dye and mordant are simultaneously fixed upon 
the fibre, which later pass over heated rolls, or through a 
heated moist chamber. The heat and moisture cause the 
rapid disengagement of the volatile acetic acid wdth the pro¬ 
duction of aluminum hydroxide in the fibre which in turn 
seizes the dye and holds it fast in the tissue. 

Cotton fabrics immersed in solutions of basic acetates need 
no alkalies to decompose the salt, for on passing the fabric 
through a warm moist room, acetic acid rapidly volatilizes, 
leaving the insoluble hydroxide, which is now ready to receive 
the dye. 

Note. The acetate of aluminum, in decomposing by heat 
on the fibre, yields acetic acid, which helps to dissolve the 
alizarin and thus enables it to penetrate the fibres and combine 
with the aluminum hydroxide (Benedikt and Knecht, p. 207 ). 

Aluminum Sulphate Acetates. These double compounds 
of aluminum with sulphuric and acetic acid radicals are 
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easily prepared a,nd in many cases favorably influence the 
production of full and richer colors than either sulphates or 
acetates of aluminum alone. When less than the required 
proportion of lead acetate is used, then a double salt results, 
according to Liechti and Suida as follows: 

The normal sulphate acetate does not dissociate on dilut¬ 
ing its solution, but it does on heating, differing in this respect 
from both normal aluminum sulphate and normal aluminum 
acetate, neither of which dissociate on diluting or boiling. 

The basic sulphate acetates dissociate both on diluting 
and on heating, the greater readiness to dissociate being 
shown by the more basic salts. The precipitates formed 
are gelatinous, and if the salt is not more basic than 
Al2S04(C2H302)30H, it redissolves on cooling. The alumi¬ 
num sulphate acetates, normal or basic, yield nearly the whole 
of their alumina to the fibre during mordanting and ageing. 
In this respect they are much stronger mordants than the 
aluminum sulphates, and are of about the same strength a,s 
the basic acetates. The investigations of Koechlin, Schoach 
and D. Koechlin have shown that in mordanting with 
sulphate acetates, basic aluminum sulphate, and not aluminum 
hydroxide, is fixed upon the fibre. 

Solutions of aluminum acetate and aluminum sulphate 
acetates, both normal and basic, are known as Red Liquor, 
because Uvsed in dyeing reds, and not from its own color. 

Alummates. In the above-mentioned compounds, the 
element aluminum is playing the part of a base-forming ele¬ 
ment; its hydroxide, AIO3H3, exhibits the function of a base 
by dissolving in acids to form salts of those acids, but in a 
different environment it can exhibit the functions of an acid- 
foiming element, as when the gelatinous insoluble hydroxide 
dissolves in a solution of sodium hydroxide to form a salt 
known as sodium aluminate, as illustrated by the following 
equation, 

AIO 3 H 3 + 3NaOH = NasAlOg + 3 H 2 O 

The acid character of aluminum hydroxide is weak and the 
aluminates in solution are easily decomposed by all acids. 
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even carbonic acid; aluminum hydroxide is precipitated, a 
salt of sodium or potassium remaining in solution. In a 
similar way, in solution, the aluminates are decomposed by 
ammonium salts, potassium or sodium salts, as the stronger 
bases combine with the acid of the ammonium salt, whereas 
the aluminum hydroxide does not combine with the ammonia, 
and it remains in the free state as a gelatinous precipitate: 

A1(0H)20K + NH 4 OI = AIO 3 H 3 + KOI + NH 3 

Use is made of this reaction in fixing the mordant. Sodium 
aluminate occurs in commerce as a lumpy powder of a slightly 
greenish-white color. It is readily soluble in water, but not 
deliquescent and is decomposed by carbon dioxide in the 
moisture. It is used for a mordant on cotton piece goods, 
but cannot well be used on cotton yarn on account of its caustic 
action on the hands of the workmen. Sodium aluminate 
offers the great advantage that it does not carry iron into 
the ultimate color, and that it is fixed on the fibre in a short 
time without ageing. It finds but limited employment as 
it cannot be used with acid mordants. The goods are simply 
impregnated with the aluminate, rapidly dried at an elevated 
temperature, and passed through a solution of ammonium 
chloride at 50 to 60 ° C. The aluminum is thus fixed as alu¬ 
minum hydroxide. Sodium aluminate is not used as a mordant 
for silk or wool because it is too alkaline for those fibres. For 
the production of lakes, the coloring matter is mixed with a 
solution of sodium aluminate and precipitated by the addition 
of sulphuric acid. These lakes are considered by Morin to 
be richer than those obtained from alum, and are produced 
at one-half the cost. 

A number of other compounds of aluminum are prepared 
and used as mordants in special cases. Aluminum chlorides, 
normal or basic, yield little aluminum hydroxide to the fibre 
and they attack vegetable fibres so that they are not suitable 
for mordants. They are made use of as carbonizing agents for 
destroying vegetable fibres in wool. The mixed material is 
placed in a solution of the normal chloride, the excess of the 
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Potassium Bichromate, K20x207. Ihe most common and 
the most important compound of chromium is potassium 
bichromate; here the chromium acts as an acid-forming 
element. This salt suffers decomposition when wool is im¬ 
mersed in its solution, the extra chromium anhydride com¬ 
bining with some constituent of the wool, and allowing the 
normal potassium chromate to remain in the solution. This 
chromium anhydride CrOs is not in the proper form for a 
mordant, and in some way it must lose oxygen and become 
reduced to the lower oxide 0120.3, which in the hydrated form 
is a true mordant. The wool itself exerts some reducing action, 
on it, but usually this process is completed by some organic 
reducing agent like tartaric or oxalic acids simultaneously 
used, which by abstracting oxygen in the presence of water 
converts the CrOa to the hydrate Cr03H3 

2 Cr 03 = 0 x 203 + 30 (used up in oxidizing the tartaric acid). 

Thus the object of the process is to fix chromium hydroxide 
in the ffbro, which so charged in turn fixes the dye. 

Chromium Sulphate, 0x2(804)3, similar in its behavior to 
aluminum sulphate, is used to furnish by its decomposition 
chromium hydroxide to the fibre. It may be made by dis¬ 
solving chromiuin hydroxide in sulphuric^ acid. From this 
solution on evaporation violet blue cyrstals of the compo- 
sition Cr2(804)3l5H20 may be obtained. A solution of 
chromium sulphate is not decomposed by dilution or boiling 
or by both actions exerted simultaneously. Solutions of 
chromium sulphate give precipitates of chromium hydroxide ^ 
when acted upon by sodium hydroxide; an excess of the 
latter redissolves the precipitate which, however, is thrown 
down again by boiling. By the addition of sodium hy¬ 
droxide to solutions of chromium sulphate, in amount 
insufficient to produce the normal chromium hydroxide, basic 
sulphates may be formed analogous to the aluminum sulphates 
of varying degrees- of basicity. They vaiy in stability accord¬ 
ing to their basicity and the presence of alkaline sulphatefi. 
Boding does not decompose the basic sulphates, but dilution 
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Organic Mordant. Tannic Acid 

Tannic acid is one of the most important mordants for 
cotton^ and enormous quantities of it are used in preparing 
that fibre to receive coloring matter. Cotton, though to 
decompose the more basic metallic mordants of aluminum 
and chromium, is very indifferent to these in comparison with 
its strong affinity for tannic acid, which it seizes from aqueous 
solution and holds fast within the fibre. 

It is a vegetable product found in many species of plants in 
the form of a glucoside (?) which upon extraction from the 
vegct*ab]e tissue containing it and boiling with dilute acids 
breaks up, foiming tannic acid and sugar. It exists in gall-nut‘^, 
sumac and other tannin matters and it may further be pre¬ 
pared synthetically by the condensation of two molecules 
of gallic acid. 


OH 


OO-OH 

HO 

OH 

OH 

= C6H2. 

OH 

OH 

HO 

HO 

OO-OH 


0 — 

00 


+ H2O 


It is most readily obtained from gall-nuts. It comes into 
the market in small buff-c?olored scales. The purest and best 
tannic acid is made from gall-nuts in the following manner: 
The crushed galls are heated with water to form a concentrated 
solution, the temperature ranging from 40 to 60 ° C. When 
the liquid is sufficiently concentrated, it is run off and 
allowed to settle twelve hours. It is then run through a 
filter into a closed drum in which it is agitated with one- 
quarter its volume of ether (.750 sp.gr.) for several hours. 
The emulsive liquid thus produced is run into closed tanks 
and allowed to remain at rest from eight to ten days, during 
which time it gradually separates into two parts. The uppei 
ethereal layer, which .contains the impurities, is drawn off, and 
the ether removed by distillation, the lower layer being also 
separately distilled to recover the ether until it acquires a 
syrupy consistency. 
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EXPERIMENTAL WORK 

In the following experiments the henzene moleeule with its 


six carbon and six 

hydrogen atoms is 

represented by the 

plain hexagon below: 

H 

1 



CeHe 

J’\ 

H—C 0—H 

1 li 

H—C 0—H 

\/ 

1 

0 


^ Benzene 

Benzene 

Benzene 

Abbreviated formula 


If one of the hydrogens is replaced, e.g., by a nitro group 
(—NO2), then the abbreviated formula stands for the benzene 
molecule minus the hydrogen which has been replaced, i.c., 
C6H5. ^ • 


NO 2 



Hiferobemeue 


Experiment 1 

Properties of Benzwie. Pour a few drops of alcohol upon 
a flat piece of board and an equal. number of drops of 
benzene near by; then ignite both and note the character of 
the two flames. To one cc. of alcohol add two drops of 
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hiniziiio; fHnir (Hit thc» inixturc* upon the Imarcl and ignite 
it. How (loc*H the flame compare with that of pure nleotiol 
or pure benzem*? 

The burning of alctdiol (contiiining o2.2 per emit of earlmn): 
OjHijO -|- 30 ^ ^ 3 Bf 2 ^ T" 

Tlie burning of !»(*n/.ene (containing 92.3 p(*r cent of carhon): 

2 C|iH|i + 3O2 = 120 + 6H2O 

The oxygen of the air (alnnit 20 per cent) irt Hiifrieieiit to burn 
both the hydrogen mid fjie earboii of the vapor of idecihol; 
but it in .sufrnneni to burn the hydrogen {inil only n purl of 
the carbon of the vapor of the benzene. The iitibiiriil eiirlMni 
piwMm off m di‘ti«‘ bliK'k #4nioke. 

To I ee. of beiizime in n tegf-fuibe, add nil CM|iiiil c|iiiiiitity of 
etlieix Ho the lic|iitdH initipje or sepiirnie on f^linkitig? 

To II t.eHf-ttibf! I'otiiiiiiiiiig 11 drop?^ of oil or it pieim of 
iiilliiw im large n pen, add a few riibic ceiitiitietitm of iMinzeiie 
liiid iiiite the etreei of cmiifiiiiioim blinking. 


I%xerjfiMK.\T 2 

litrobcnzeiii from Btnzene- 

+ HM0:t « + H3O 

Sriiftiw* 


mm 



Klimh§mm* 


To l.W granirt (nr Ki «•.) of rotimitmlmi fiiilpliuric iu*mi in 
H •(W-hiilf litiT flunk litth- tiy liftlc, wi«b fmjuotii rotary 
ahakiiig, 11M> gnuiiH !or 71 re.) of iiilrir acitl of 

Kjaanfir griivitv 1. f. 
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After llif* iiii\liir<‘ luis roc^lecl to tlie t<*rriperaturc» 

till* nnmi by \viit«*r ruiuiiug frcaii a fap civit tlia flunk ar by 
iiiiiiii»rHitig if iii uikl in wuitll porfinriH ud ijjriiiiiH of 

nliukiii|» frofiwnitly, ho im to riiiikc^ thc^ liqiiicl iu'c|iurc! 

II rcitiiry iiifitioii iit tlio flunk. 

Tlio lotiiponiliiro nlmiilil bi* kopt undor ofP to (Kf' (!,; nlicndcl 
if rim* liiidior, itilorriipf tlii* prorona mul iniinorno the* flunk for 
II Hlicirt liiiif* ill 

Ai'lor til! ili«» boir/.onu him bf*uri fuldoch iilfarh a vortical 
gluHH tiilM* III fill* |iorl’oriit4*d Hfoppea* to ne^rvi* an aa air con- 
i|oiiHi*r. ft flioii lioiilcul in ii wiit<*r»bath for uo lioiir at (HP, 
tlio ilioriiiiiiiiolor ill the walor. Tho following r(»acti(Hi han 

liikoii pliioo: 

OtiHii + HMO,t = 0f|Kr,WO.j + H.jO 

Till! liffiiiil in flioti woll cfwiloil iiiifl poiiroil into a «opiirat-in|C 
fiitiiiol, iviiiw if w iilltiwoil to Htiital a fow iiiituito« whilo it 
i€"|iurfito^ iitfii f%ro layorn. Tlio l<itt*or ootifiiitw tho apont. 
fciilfilitiri*’ arid iiinl llio o^oonn rif nitrir iioiih tnul it m nopa* 
ratod from iijijior layor of tiitrolnat^oiio by alowly oponing 
I til* ntiififuirk isttd alloiiiiig if to mil oiii into a boakor. 

Ttio m tlioii vigonniHly Htiakoii aovoriil iitiiort 

milli iialor; niiioo ifio itifrolioiimio in liimvior ttiiin wiifor, 
if irill flow In* flio iimor lfiu*r. Ttiw iiiimt bo kopt in iiiincl 
nr ifir ^’roiiic liyi’or iniiy in* itirowii itwiiy, 

lllrii fiiiiriiiiglily ivimliml by linking «»voriil tlniOH wiili 
fro^li fniiliiwiH of ivulor ntnl oiicit tiini* from lint 

m’ltlor, it in potiioil iiiio it dry ilimk imd mairitiod on n wiitor* 
lifitli 1%'illi ritlcitiiii ofiliiriilo tiiitil tin! turbid lapiiel 

oiriir* ll lhi*it potirrd rfirofnliy olT from tlio 
rfiiriiiiii fdiloriiio itinl by ilmtilliiig from a fritrl lotifiling 

iiffiiidiril to II iiir cifiiiloiwn*, 

XlimlMmamt* lioil# iil 2W"2II7^ 11ifs yiolil from Wl gratiw 
§f tutiiittie h MP-W gniifw. 
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Dinitrobenzene from Nitrobenzene. 
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N0;j 


U03 




lNO:t 




M02 



MO2 




NO- 



fii 

li tito 
mpmimmi 


Fur ilii« |itir|iiw PI KiitiiH (or k,:| ri%| nf mi* 

gniiiniilly fiiinlfr n li«io 4 | « ilisT^k 
Ilf 2 "i 0*um4 lor II ri\} of iiii 4 «iiti lo 

griiliw (iir IPJ t*r 4 «f fillililil! liifiir iiriiL Tlio i# 

Ptr tiaif nil tiotir iiftoii is 11*111^4111111, tlif* Ik A iwiii 
fr«*«|iinitty Ttii?^ Aiifitiic in itrnwiirv urvi$mil of 

I til* iiiiiiiihfibli* rfiantrlor iif flio »fi 4 l!m iiioi’f* 

fm|iii*iiily il k flwinniglily tim mmim rrntiiiiii m 
imMmh 
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The following reaction has taken place: 

CeHflM02 + HNOa = C(iH4(ir02]2 + H 2 O 

Nitrobenzene m-Dinitrobcnzene 

Oa cooling somewhat, the mixtxare is slowly poured into 
cold -water which is constantly stirred. The insoluble yellow 
diniti’obenzene which turns solid is filtered off, washed with 
water, and pressed upon a porous plate or dried by pressing 
between thickly folded sheets of filter-paper. 

When thoroughly dry it is reorystallized from alcohol. 

Dinotrobeiizene melts at 90"^. The yield is 10-12 grams. 


Experiment 4 

Anfline from nitrobenzene. 

K02 

from 

Nitrobenzexie 

Fifty grams (or 42 cc.) of nitrobenzene and 90 grams of 
granulated tin are placed in a round-bottomed flask of 
liters capacity. To this mixture 200 grams (or 166 cc.) of 
hydrochloric acid axe gradually added in the following maimer: 
About one-tenth of the acid is added and an air condenser, 
a ^ass tube 3 feet long and ^ inch in diameter is attached to 
the flask in an upright position and the mixture well shaken. 
It becomes warm in a short time and ebullition begins. When 
this begins, the flask is immersed and rotated in cold water, 
* or better, under water flowing from a faucet until the xeac- 
tion has moderated. 

The second tenth of the acid is then added and the abowe 
operation repeated. When one-half of the acid has been 
added, the violence of the action diminishes and the last half 
of the acid m'ay be added in larger portions. 



NH2 



Aniline 







..... 


422 CC)4I."TAR DYKH 

T!i(^ recaption wliic*Ii plitra liafwaiai tin* tiii 

in reprenentcHl tluin: 

Bn + 2H€l = SttOL + 2H 

The nascent hyclrng^ai from thin renrtinii tlieii rf*«Iti«'eH ftii* 

nitrohenzene: 


0<|Hr,H02 + SH = 3H.0 + 

Kitmbtfiitiie Afiilfi# 

Th(! aiulin<5 foriiifd titiiiCH vviili >lt«‘ (‘\rcf*x »f iiv.lrm lilitrir 
lU'id prm’tif. to fonti tlu* liycli'iwlditridc: 

0„Hr,NHa + HOI = OitHsMHa.HOI 

In order iiiiike llie refliiclimi ilir i*' 

for nil hour on ii ivfiter-lifitli. To .^opariife Irw 
from the inixtiir«% flm wiiriii f^nliilifiii fliliiird 
of watei% then a ^^oliilioti of ytiiiiiH of .iwin iii '/ipi 

griiitw of water m griwliiiilly addeti. The ,*^^1*-* flir 

aniline from its rotiiliiiiiifioii mitli liedriirliitnit a«i4 iiii4 
convertH the stioiiiotis rldoriile info i'roio 

which the iiiitliiie w sejiitriiled liy ii ijii*liili4|iiiii« 

If the liquid ImiIIs on itddiiii! ii 
the flask should cooled in wiilitr lii4*»re inldiii« it wire 
«Mla. The action of the is: 

+ EmBM m + l*ii 4 «.# 

ittOis + mmm « a.iiO;, + nmmi 

2 »%SaOa + H# * 1 %S«§| 4 SI*#! + §m 


W 

I 

f 


% 


t 

I 

I 

I' 

I 

I 


Aflt^r the entire soliifion tig# lufm tliii tp 

attiictii*ii itml sleiiiii is rominctal Ifirmigli ifit rentiliing jig#|y 
liquid hj fiieilfls of it gtiiss liilir lioio H 
of water kept vi^owidy iMiilifi** Tlie iiif#! pIuiiiIiI 
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almost to the bottom of the flask containing the mixture, 
inclined at an angle of 45° toward the flask of boiling water. 
The steam passes out of the flask into the condenser, through 
a tube ending just under the stopper, carrying with it the 
vapor of aniline and steam. The mixed aniline and water 
appears milky as it runs down the inner tube of the con¬ 
denser. 

Gradually the oily aniline collects under the water in the 
receiver. When the liquid appears no longer milky, the 
receiver is changed and some 250 cc. more liquid is dis¬ 
tilled. 

The distillates are now mixed, and 25 grams of common salt 
added for each 100 cc. of liquid, which is then shaken to 
dissolve all the salt. The aniline is extracted from the solution 
by shaking with ether in a separating funnel. The solution in 
ether is dried with a little solid caustic soda, and then (caution 
from fire ) the ether is poured off into an evaporating dish and 
evaporated by placing it on a boiling water-bath under which 
the light has been extinguished before bringing the ether 
near it. 

The aniline is then distilled. Its boiling-point is 182°. 
The theoretical yield may be very nearly attained. 


Experiment 5 

Formation of Aniline Salts. Into four watch-glasses, each 
about two inches in diameter, pour the following liquids in 
order and in amount enough to make them one-fourth full: 
First, water; second, dilute hydrochloric acid; third, ^ilute 
litric acid; fourth, dilute sulphuric acid. 

Add to each glass a single drop of aniline and note the 
effect. Use a separate clean glass rod to stir each liquid in 
mm and note what happens. Is there a difference in solu- 
oility of the aniline salts in the various acids and in the 
vater? 
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Kxj'KItlMKST tt 

Solubility of the Aniline Salti in Aniline. Fnitr tiiio 
of ilws woII-cItoiimI wiiffii"j^!io*f*i*rt froto »li»* |»iovionM fitfii'f* 
moat onough Hiiiliiio »o natko iIm'Ih oho hill I'ti Mui 

firni add oao drop of iHitifo hvdmf ldoiii* ;o;d »ji«* -M-road 
ono drop of aitrio m-iil; ti* lito fliird, our «|«op of Mdpliwiir 
acid; Hiul fo tl»‘ foiirtli, acftic joid in itic i-jiioc oioion'i. 
Koto tli(? ofTcct in each cum*. Htir t!ic iiipdd «aridolly «t»l« 
a dry glawa roil in citch esm*, 1 >»«*(• tJo* aidlino «p}a»«f !»i 
(UmmoIvo tim mlt«? 


Kxi'KOBiriST 7 

Solvoit Action of Aniline on I«4ifo, Ilrop » If* lie flnoly 
iwwdora:! indigo Intf) a f«w coiiir of jmw! 

containist! in a tisit-tufw. Warm Hut in!*** with aad 

examine the co!or« of iho iiniiiao l»v light, holding 

the tul)o n«riy horistontal, arnl Itaikiiig ihrotifh ♦» iroiii ladow. 


Ex«iiiMKx*r i 

A KIim Color from Aniline by Blotching f^nnter. To# 

t«t-tube neariy full of water, add on# dwp of awiliiit and 
»hak» tboroughly. ’Hte aalfim* will diiwwlvo. Four mii tliwx*. 
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quarters of the solution; add water to nearly fill the tube, 
and shake. To this dilute solution of aniline, add drop by 
drop a clear solution of bleaching powder in water. 

A violet color will appear in the solution, growing darker 
with the successive additions of the bleaching-powder solution. 
This color changes quickly to brown. 

Very dilute solutions give no color or a very faint one; 
but on addition of a few drops of a very dilute Solution of 
ammonium hydrosulphide the liquid becomes rose colored. 
The limit of this reaction is one part of aniline in 250,000 parts 
of water. (Jacquemin, Ber., IX, 1433.) 

Experiment 9 

Blue Color from Aniline by Acidulated Potassium Dichro- 
nate. To a test-tube containing about 1 cc. of concentrated 
mlphuric acid, add two drops of aniline. Carefully shake the 
■;Ube and add an aqueous solution of potassium dichromate 
Irop by drop with continual shaking until the liquid in the 
/ube appears to turn black. Then pour a few drops of this 
iquid into a beaker of water standing on a sheet of white 
)aper and stir it. The water will be colored a beautiful blue. 

Experiment 10 

A Violet Color from Phenol with Ferric Chloride. To a 

’■ery dilute solution of phenol or carbolic acid, add a few drops 
d a solution of ferric chloride and note the effect. A violet 
olor forms in the liquid. 

Add bromine water , to a dilute solution of carbolic acid 
nd notice the immediate turbidity caused by the tribrom- 
>henol formed. 

OH OH 



Br 

Plxeaol s^Tnbrom pheaat 
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l%Xi*KIIIMEXT II 

Action of Concentrated Hydrochloric Acid on Mtitchiti 

Green. Midci* itliiHi! Ill rt\ uf ii rfiiifriiiriiti*i! itni of 
iiiiiliirliito grmmi thru mill rnl«| hytirfii’tiliirir iiriil 

iiiilil till* niliir In In a yf*!!iiw. Tlii* tlyi! !iiw 

tifil i!i*i4lr<iyrtl h) !lto i«tr«iii|.c arifi* Init itn rtiliir tiin lititni 
f'liiili|crtl liy till* illiifili of n liinkmiiii* of tin* iiriil fci ii i€*rtiiiil 
iitiiiitii of fill* 

II ryliiicirr of miitrr lirlii fhi* ryr iiiiii ii 

wiinliav, |ifitir drojf^ of tin* Miiliiiinii iitifl iioio 

tlio griidiiiil Ilf lltr riiloriiipi tli<* ropforiitiini 

cif fill* oriniiiiil grriii, iih flii* iiriil tiii it4 way 

iliiwii towiini llitf Iwittoiii Ilf iIm* ryliitiliT* 

/0„Hs 

+ HOI » 0,iH,KHa 

/ .. 

H 01 

I 

01 

Miltelift g#i#i! 
in m fit 
mm 

i2 

Tianic Acii L«ki #f Mmlicllti Grtta* ft griiiiii 

Ilf liintiic iiiail itiiii n grittiifi of in il) ee, of 

wiitiv* 'f«i Ii Koliiiiiiii ii 2 irtittw Ilf finiliitiiitii griMrii in ifil 
Ilf Wfitor, iid»i I III* ifiliitioii ifilli tm lijiii ii« 

ft |irrriji!fiiti* mi foriiiitig* Alltiw it lii iiVirnl 

liiiiirii* 

Tfii'^ itiHiItibli* {irrrijwiiifif m I In* tiititiir fifirl Itlff of lfi<* 
liyr wliirtt in Ihr riOfnii filirr il Ii iiiiirilatitiiii 

ivitli Ififiiiir iiriii nwl in lliii color. 
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HxfKItIMKMT 1.4 

Spirit-Soluble Malachite Green. Filt.er elT the proeipitat-ci 
Ilf tlia liiHt f*xpi*riiiic»iit. Ilcfiiovc* iha filter from the fimiiBl 
and fipread it eiit in u wiinii pliiee without dwturhiug the 
fohired hike. \Vlic»ii it dry, i4epiiriite it from the paper and 

piiiverixe a {lortiori mid diHHolve it in iileohoL Thi« Hpirit- 
dye in ii^ed in roloritig Iiicapiers and varnwhoH. 


IxxeKittMKNT II 

The Mtkg Out of a Dye. Ih*i?piira a Bolufmin of 1 gnini 

of iiiiiliiriiile greett in ilMI rr. of witter. Bprinkle a few drttpH 
<if ilie eolored liffiiid on a pieee of filter-piiper. Now add to 
file reiiiiiiiiiiig liffiiid ofl er. of a mturitted Holiition of camimori 
mli iitid slialio llioroiigltly. Allow tJici litjuicl to wtimd cpiietly 
fur II few itiiiiiiteH ititd tioliee wliiil rhiotga hiiH t4ikeii plaea. 
H|rriiikli! ii few tlrnfm itii fillt!r-jiii{ier iitid eoniparfi the «pot« 
wit.li ii|iciii ttiii fifrt piijii*r. 


KxeKiiiiiKKT IA 

Kottiuiliot Lake for Coloring Lacquers and Vtmiiheg. To 

II Ilf I iiniin of ro^fuiiline in IIMI re. of add^ 

ill Piiiiiii imrimm m lotig iw ii prt»ripiliite foriiWy a ^oltiiion 
rofitiiftiliif, .1 griiiiH Ilf liiiitih* iirid itinl #4 gntiim of i^odiiim 
aeplafo ill All rr* of wfiter. Hlinkti after eaeli inldifioit of 
fiiiiiilr ioi«t iittd allow flie to Miittle lii^orri adflitig 

iitiiiltirr f tori ion. 

Filt«f iiiiii tlw* preripilate; liieit iilhw ti to dry upon 
lim ill mi air imiJi iil WP it Ihnir iiloeliol titaiii tlie 
i!rir*t| firerijiituli* iiii«l iioie tliiil if. Tfik itwolufilr 

ittiiiiate fiirtiiK a ^piril miliitilit dyi:t fcir vitrtiktitfn mid lar* 
fiuim 
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Th« Color Base of Rosanilint. Ailil ifi ii miliifiDii cif | 
gram uf rimsifiiliiii* in wfiti»r, a Hitltifioii iif fUMliiiiit hydrmuh 
ill wiilor iiiitil it iic*f‘fi!firiM!<L llii* mm 

tlici hiiMii Ilf riwfiiiilitif*. .\«iiv mill vmy ililiit.ii Iiyiirci- 

rlilcirii* Uriel gtiifliiiilly iiiiil wiiirii li/ mM* if tJiif riilor ri*- 
t4iriii4, If I III! Ilf rcwiiitilitir lit* itiHiriPiilly etiiiritii- 

triitifd, tJir liiwc* iiiiiy lii^ |iii*i4jMt4:ii€ttl nu lliiii it liii 
oil inlfliiig llic! midiiiifi liyilrn^itlr. 


/OH, 

MHa 

I 

01 


M»0H 


HO0f-0,iH HHa -f- 

Vo.,H4MH^ 




Kxl'KKIMKKiT 17 

Tbe Leuco Base of RosanUine. To a dilution fo mm* 
riiliiM* ill li liild taioiiith stiiii* liiwl. to ciwcsr th« ln»t- 

toiii of tht* (ulm and ihwi itiid hyiirwiilriric »lr«|» t»y 
dr»i|» imti! this imlnr dimjijmw. Thia iiiiwt to» iliwitf vitry 
ajnwly and tln! H«lditi(iii i>( aedd i«to|»|»n«! Jiwt lastom the enhir 
Ijhk all disa|>|»«ireil, Flaia» a lirtiji «f the aohilinn im filter- 
|>a|>tir wid totirfi the «|ait ^itli a dr»i}* iif a «t!n(i<in »>f I ptrniii 
Ilf ("hmtiiit* aeiil in 1(M> re. i»f water. The lenwi Imi*! la forniwl 
t>y the nxiuction and tlio dye i» »p«aJufi«l by tbi» osida- 
tbn. 
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Exfkhimknt 1H 

Rosaniline Test Paper. An liiutnint nf roHiuiilino equal to 
II f^rriiill i« |M*wiIereil iiinl (liHgcilvecl in 10(1 ec. in tioiling 

water. Tiie milnthm i« then filtered and intn it are clipped 
f^tripH t#f filter-fiaper liiilf nti iiirli wide. They are dried by 
lijiiiaifii? tlifiti over n .ntrin^ in a place fre<^ from the alightent 
fitiiirM of acid. Tlif^ni* ^tri|i« ulioiild not he red, hut only a 
fiiiiit rii^e color. If flic color in stronger, the «ohition Hhoiild 
la* flihilcfi tiiifil the fiiiiif rtne «liiidc in rimcdMah 

Ttiticii iiiic id ill#* flrif*d ^(ripH witli a drop of dilute acid. 
The ‘Hpiit itirin# ivliite, due to the formation of a poly-aeid salt 
Ilf twetl to detect any excfWH of acid, 

fVE., ill iiiiitdiiii iiiiilitn* by gradually adflitig the acid to 
tlw* iitiiliiie. Iittfiiw-piija*r coiilii not he uned in this ease; 
ftir liitiiir^ liiriioi! even by flic iinilitie milt itiielf. The 
iiHiiiiiiiiit* lr»f«|iii|an‘ im itol iifeclfal by tlici iiiiitiiie salt. The 
ftiiiifiCH ill geiierii! iirc of iiiicli weakly hiiiic? ctiariictar that tins 
arid }«trlitiiw of lliiiir snlln liirti blue litniiis red. 

ExPEIilMiMT li 

ftipftttea #f Sttlplaailie Acid* 

mmn 

4* HstO. « Qj + HaO 

SO»K 

AniUM MvtMnilte 

One huntlml g»nw of WMieentmtol Mulpfiune aeid are jamml 
into a ilry ttank, ainf flieii lUI graiiiA of frwhly (ItMtiUeti atiiline 
are In vinati with Hhaking. The mixture w 

tliwi in mi oil'lmlh to ItkC, iintii on removing a 

ftfw <iro}tM ami lutctiiiK ('auRti('. mtilii, no ttnrittingtxl aniiinrt 
■i«p»ratm*. 

To ar»'i»tt»jfli»Ii tii« ('onvei'tiiott of the aniline will 


» 
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4:m 

riHuiiri' froni f<nir to fivo lioiirn. Tlu* roiirtioii iiiixiuro iiftiT 
fiMiIiiig in pointed into wiiler tliiit in c’otiHtitiil ly Htirred. Ttie 
arid Hi‘piirittf*s oiil iii rryntiila It m filfoml i# 
mid iVfiHhofl witli wiitor i«id iwry^^tidlizt^d from liiMliiig wiitor. 
All ntlditioii of ii littlo iitiiiiiid rluirroa! to tlio boiling milutiiiii 
will givn II \¥}iit4.! prodafi cm filtering and allowing the iicid to 
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Mftthfl Orange* Tim grniiiH of Kiilplifiiiiiic* iirid, provioiiHly 
flriotl lit! tin* miiterdifitli, tire dimilved in l»W rr, of iviitor 
:i;> friiiiw Ilf aiiliydroio* ^odiiiiri nirlioiiiifo, 
Mdiifioti flioii ivilli a ?^oliifiiiii of 4.2 gniiiit< itf fiiire 

Mwliiiiit nit rill* iti 2CI ri*. of iialor. 

\f|i»r roolifiii by iiitiiiiwiig llie ln^iikor in eo!d 

Wider, liyiborlilorir ariil b rnlded to tin* e\letil of 2.4 |irjiisii% 
of llie litiliydroiif^' ndd, To eiii^ily tfitfiiiii iiiiionrii nf itrid, 
iidd ill riifeil hydrorlilorii* arid iiii iMHiiil vtdiiiiiP of 

m'iit4*r» Fiinl lli«» ^jirriir gi'iivify wifli I In* ky4rutm*lm\ 
rtdl II litlilr for I hr aiiwtiiit of niiliy#lriim»^ arid in I rr*, iiiitl 
fiilio fill* tititiib*r of riibir wiiifiiotrfrM iirrtwiirj I# fiidil 2.4 
of iiiiliyilftiiw itritl. 

FnHdcuiM to tliitiiillririE I lie iiidil, jir«|iiro m wdii- 

lltiit Ilf 7 griiiiw of diinetliyliitiiliiio in tlie iniciiitit 

Ilf liydrorliliirit* iirlil. To liwif ruliie ilie iliitit'lliyitiiiilifiep 23 i*i*» 
#»f witter nil:* iidtl«l to if mid llieii tiydrnrlilorir tiidii m iiiittei* 
fi lillle mitli witwliiiit pfirriitg, After mu*h tiililitliiii of itrid 
II ilfiifi Ilf tlir 114 filitiml oil Itiii itwiiiilitte l«l |ifi|i*r 

til liefjtri tlir p|iglit.««t of fwMf wfilrti if fiw^il 

mill tlio fiinier. 

Till! Ilf fliifietlif!«ailiii# lltiis obtiiiiiwl I# mlilwl t# 

tins iiliiiiitiiitd «itiili«ti itf Wilfitiiiiiillr itficl iiid lli« iiiixfitwi Ii 
liitiflt iiikiillfii! ifiili II «if 

Tlie iiiettiy! nritiigi* iif otirr fmiii the 

*Oiii iilililliifi Ilf S 3 Ilf iiiirly niiiinifMi «iill mill 

■plirriiii: iiiitil it m will ntiim'? tlir of itiiirf 

nf tht lift fiwii tit 
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The dyestuff is filtered and pressed out upon a porous plate 
or between thick folds of filter-paper. It is then recrystallized 
frona a little water. 

NH2-HC1 N=NC1 


+ HONO 


+ H2O 


SO 3 H SO 3 H 

Sulphanillc acid Diazo benzene 

hydrocWoride chloride-p-sulpho acid 



SO3H N(0H3)2 SO3H N(0H3)2 

Methyl orange. 

CFree acid) 


Experiment 21 

Preparation of Para-aminodimethylaniline. Dissolve 2 
grams of the dye, methyl orange, in as little boiling water 
as possible, and while the solution is kept hot on a water- 
bath, add gradually a solution of 8 grams of stannous 
chloride in 20 grams (17 co.) of concentrated hydrochloric 
acid until the dye is decolorized. The solution is then cooled, 
and if the sides of the glass are rubbed with a glass rod, 
sulphanilic acid separates. It is then filtered through asbestos 
or glass wool. The filtrate is diluted with double its volume 
of water and a solution of caustic soda is added until the 
hydrate, which separates, is almost redissolved. The liquid 
wiE hot become clear and the addition of the soda solution 
may be Btopped when no further decrease of turbidity of 
the liquid is noticed. 

It is then extracted several tim^ with ether. The ethereal 
solution is dried with small piec^ of solid caustic potash— 
allowing it to stand over night—the ether bang finally poured 
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<*firi€iilly olT into an c^vaporating dinli (Caaiton: Danger from 
fire) and evapnriited m doHeribed in Kxpnrinifait 4, 

The piim-aniiricHliinethylaniline in left behind, having the 
iippaiiranee of an nil whieh, mi rublaiig witli a gIaH« rnd^ will 
«nliflify. 
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+ 3 H 01 4- 4 H = 
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SO;tNa ir(OH;ib 

Miifaft oriai« 
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4- HaOl 


SO^H K(OH»).|*HOl 

Siilptasitic I 

acii CMilti 

Tfeit min »!# tic hum ttm ff«« iti Milt 


MSi 


»|OHa)a 
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Mitbfita# llm lYiiiil m |a>rtic>ii iif tlici |ii4rft-»tfiifi«Ji- 
ftselliylftiiiliiie frniti tJie Inal rM|ii*ritiiettl will urtMlI qmuthim 
tif fllltilif acid tiritil it lia«?tf tliswilfcii* Tlili 

^tittld l« ilnite with tipteiiil tmm tint In urn* an exeiiMi nf 
firifi A few firfifw tif Itiw Miltilliiii tir© adiled In a mrg 
liiliite »f tiyilriigeti ffiil|iliiile in ii 1 ruler I# wMth 

liiii Imn |ififviiit»lf ailfl»l ^ Ilf ita ftiltiiii© irf rntteiitilimtel 
liyilriMdiiiirii* Xtiif iicitl In llili ii few flrniifi of 

ftrriii ttitoriflif, 

lltllifiriir tiltiii Wiil fnriiieib giving iiii and l^tt* 




F.XPEHIMF.NTAL WOHfv 


tifiil Thw nmrtiou, arrc^rclitig to Ftuil 

FiH*tii*r. i?^ n iih imiiall iin litooiuit of hydrogen Hulphide 

iii^ fiiie iiiirt ill to IfMI,0(1(1,000 partn of water. 


2H 

Lmm Mm of Makchitt Gre«i, To m luiueouB solution 

Ilf itiiiiiirliite giwii iiilil clii«t and then dilute hydro- 

rliitirir mid viwy griicliiiilly, drop by drop, until the liipncl 
ii 4 hni ii drop of the eoIorIe«« liipiid on fdter- 

jiiipf*!* itiid fotirli tlie i4|iot with li drop cd a HoUition of one 
priiiii Ilf eiirofiiie iiiitiydride ((trChi) iu IbO ee, of watiir, Ihe 
rtiliir reap|mtri4. 

ill e%|ieriitiriit the hydrogen frcnn the mm and 

itfid prii«liit*i*i4 leitfo-iiiitliieliite green or dianiinotripheiiyl- 
iirrordiiiic to the ri»iietion: 


il 

Miitifelli gfitt. 

tmim 


i:O^ 0 iiH 4 M(CIHthj + HOI 


teiysi 


<»ii tiMifhinK th« «iK>t »n thu ftiter-papfir with chromic! acid, 
iisidatiim lake* place ami tiiahichlto green is refonned. 







'fii II forifwtl mti*d ii(|U(‘(niH H<»luticni af nwaiiillno in a iant- 
fiflfi ffinnnritmtncl hydrochknic acid, a few drnpH at a 
lime, liiitil tlic^ cadm* tuniH reddinh yellcnv. The Helution new 
ecirifiiiiw a certain liydrcaddciric acid Halt nf rfiHiiniline which 
exinta nidy in iin acid .Hcduticm. 

Iiitn It cyliiitler nf water, hi'ld bet wc^en tlie eye iiticl tlia light, 
jwitr a few dreps of tldn Iic|iiichiincl note the change to red 
lot the droprt full farther anil farthc^r toward the bottom of 
the cylinder. This tlilnthm j^ooii becamicrt ho great that tlia 
iifld«*cl itiolecidf* of hy<lrochIoric» acid b given up iitid the color 
Ilf roHiiiiiliiie returns. 

Expbiiimknt 25 

Pttpamtioa of DimzoaniiEobanizeae* 

OiiHgMHa + HOI * OfiHgWHg-HOI 

Aalile* ‘ Aollla* hfitflcMerttl* 

+ HOMO a 0g%H=ir—01 + iHj0 

0i*l# 

cfelilfUi 

0tHiiH=M“j0l +.H'HJi0||H^ « 0iiHiK^l'—SM0«Ht 

'.. ' lisilto taiitat 

n n 


griaii Cof i*i <***•) cliilillitl tallitit ii» tlii- 

iofwl ill li iiiiMtiirfi Ilf ilXi 1*1*. Ilf mmtiir iifitl 3tl.fl gniiiig (or 
ffj et*4 of tifilwtiliirie ftciili ipigr, U. Tfit ^luliott It 
ecMital iiy iftitiiiiwiiig tlit ifiiiilmiiiiiig l^itr in afitl 

^tirriiig. Tliii wjliilittit m tlifii ctkioflitcl tiy tlit ftiMitioii of 
M griiiiw of fiiiro miilmm liifrife in 511 rr. of itiilrr* A flier* 
ttttiftifiiir iiiiiy Im iiwi t# ^ itirriiig nwl liiid Iti© Eitrite »liiti§a 
mthlmk iiowly mmm$h t# top tl# imnimMmm Wow ICF* 

A wiltilioii of Ifl grtttii Ilf siilioa in W grii-iiii ^ 
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water is previously prepared according to directions given 
above^ employing exactly the theoretical amount of hydro¬ 
chloric acid to unite with the aniline: the solution should 
not have enough free acid to decolorize rosaniline paper when 
a drop of the solution is placed upon it. This solution is 
well cooled with ice-water and then added to the diazo 
solution with constant stirring. 

Then 50 grams of sodium acetate are dissolved in the least 
amount of water possible, well cooled, and added with stirring 
to the above mixture of the diazo compound acid and the 
aniline hydrochloride. 

After standing for an hour, the diazoaminobenzene separates 
out and is filtered off with suction, washed several times with 
water and well pressed out between thick folds of filter-paper. 
It is recrystallized from ligroin. 

The melting-point of diazoaminobenzene is 98^. 


Experiment 26 

Preparation of Aminoazobenzene. This experiment shows 
the molecular transformation of a diazoamino compound into 
an aminoazo compound.* 

Mix in a small beaker 10 grams of crystallized and finely 
pulverized diazoaminobenzene and 5 grams of pulverized 
aniline hydrochloride; then add 25 grams (or 24 cc.) of freshly 
distilled aniline. The mixture is now heated with constant 
stirring on the water-bath for an hour at 45^. At the end 
of the hour it is emptied completely into a larger beaker, 
water added, and dilute acetic acid until all the aniline has 
dissolved and the undissolved precipitate is wholly solid. 

After filtering this off, it is washed with water and then 
heated in a large dish with about a liter of water and hydro¬ 
chloric acid until most of the precipitate has been dissolved. 
Filter the solution and allow the filtrate to stand. Steel-blue 
crystals of aminoazobenzene separate after some time. These 
are filtered off and washed, not with water, but with dilute 
hydrochloric acid. 

If the aniline hydrochloride required for this experiment is 
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riof on luiinl^ ii may bn prnparod by aclclin|»; aniline to hydro- 
rlilorif arid while Htirriiii^ and feasting with rosaniline paper 
In avoid an f*\eeHH aeitl. After (»oolin|^, the panty nuis 8 of 
ery«tiilH in filteretl on asbestoH or gliwB woo! pn^ned firmly 
top!tfier on IIkj filter by a penile and npremd oni on a porouH 
pliiie or folded filter-paper. 

0,|HaH—+ H C11H4HH2 = 

Anillai 

0tiHr,H=Hai|H4HH2 + 


sr 

N 


A 

v 

\/ 


SB. 



RxentfiMEXT 27 

Pr«ptrttl0ft of Mmzm% Mofiosulplioiiic Acid, To IftCI 

grititif«« Ilf fiiiiiiiig ^iiipiiitrie iteid ivlitrli eofifiiiiifi A'H per rent 
Ilf wilpliiirii* liiiliydride in i» 2IMNa% Itfinlc,, provhlial 

with lilt fdf eiitstleiiMW, add gritdiiiilly with good Htiiikiiig 
iitid roolili^' by wafer riitiiiiiig over the oiilMite of the 
iiiwlc, 411 griiiitu lor ti*4ee.| of lieiiKeiie* Before lidding the 
tie%l iwrliiiin iilwiiyf4 miiit iiiilil the hiHi |iorfiiiii irhtfdi iilwiiys 
f!oat« on flit* i^tirfiiee of ftie neid ditriiig llie Mliakirig. 

Tliii^ jiroref4« Ilf rtifplioinitioti reijtiirf^t^ III In iiiitiiileM. 

11ie reHiilliiig iiiktiiri* tlirii added, ii’itli eoiitiriintl utiiriiig, 
by «iro|i, froiti 11 fepiiriititig ftifiiiel, tfi Itiref* nr four liifiei* 
ilH viiliifiie of II eiiifbmtiirated wiliitioii of eiiintiioti mli eciii* 
Ifiiiieil ill ft liefiloav To ptwmt I In* banker being healed 
iiliofi* till* riwitii lettipernftirr ffie beaker m pliteed In 11 larger 
ve«4 ffllei! with iee-wfilf*r, 

After m$mm turn iiitd more niiirkly by riihliiiig lliit wiilb of 
lltf* ij#*iilcer witii # iliiiriMtiliril glttA^. m% tie ^cllttni imlt tf 
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the benzene monosiilphonic acid separates out in the form of 
leaflets with a greasy lustre. On long standing the quantity 
increases so- much that tlu^ l)eaker may be inverted without 
spilling the contents. 

Should the separation of the crystals be long delayed, 10 cc. 
of the liq\iid is poured into a test-tube, and cold water from 
the tap allowed to run over the outside of the tube while it 
is vigorously shaken and the inside of the tube rubbed with 
a sharp-edged glass rod. The solidified contents of the tube 
is pour(‘d back into the main quantity in the beakcT. This 
hastens the crystallization of the wdiole. At tinuvs it may 
require several hours standing befon? the crystallization (‘omes 
to an end. 

The pasty mass of crystals is then filtered off with suction 
on a Buchner funnel, firmly pressed down with a mortar 
pestle and waslual with a little-saturated salt solution. The 
salt is dried by transfc'rring it to a linen bag and squeezing 
it under a heavy press\ire. It is then pulveidzed and heated 
to dusty dryness in an air bath at 110°. About 100 grams is 
the yield. 

Dissolve 5 grams of this crude product in hot absolute alcohol; 
the adhering sodium chloride will not dissolve. Filter from 
this residue and, on cooling, the pure benzene monosulphonic 
acid will separate out. 


Experiment 28 

Preparation of /9-Kaphthalene Sulphonic Acid. 



Naphthalene 


+ 


£[28 O4 


/\/\s03H 

\/\/ 

^-Naphthalene 
sulphonic acid 


+ H2O 


A mixture of 50 grams of ’ pulverized naphthalene and 
. 60 grams (or 33 cc.) of pure concentrated sulphuric acid are 
heated in an open flask in an oil bath for four hours atl70-180°. 
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When cool, the solution is carefully poured with stirring into 
one liter of water and the naphthalene whicdi has not bc^en 
attacked remains undissolved and is filtered off. If tlu' 
filtration proceeds very slowly, the t\irbid liquid is poured 
off from the coarse pieces of naphthalene. The filtrate is 
neutralized at the boiling temperature in a large dish with a 
paste made by triturating 70 grams of dry slaked lime with 
warm water. 

The resulting mixture is filtered as hot as possible through 
a wet filter cloth stretched over a frame. Th(^ precipitates 
is washed with hot water. The filtcu* cloth is then fokkcl 
together and thoroughly squeezed, kstting the liepiid run out 
into another dish. The resulting usually turliid li([uid is fil- 
teu’ed and united with the main portion. 

This solution is evaporated in an open dish over a free flame 
until a test portion will solidify to a crystalline paste on 
rubbing with a glass rod. Aftcu* allowing the solution to 
stand over night, the scqiaratccl cakaurn /^-naphthakuie sul- 
phonate is filtered off with suction. It is washed oncci with 
water and then pressed firmly te)geffher and spread out em 
folds of filter-paper. 

The sodium salt is obtained from this product by dissolving 
it in hot water and treating it gradually with a concentrated 
solution of 50 grams of crystallized sodium carbonate. After 
cooling the precipitated calcium carbonate is filtered off with 
suction, washed with watc^r, and the filtrates ewaporateel over 
a.free flame until crystals begin se^parating from the hot 
solution. 

After standing several hours at the temperature of the^ 
room, the crystals are filtered off and the mother liquor 
further concentrated. Several hours later, the second lot of 
crystals is filtered off and these are united with the pre¬ 
ceding lot and dried upon the water-bath. Yield, 60-70 
grams. 

The naphthalene is sulphonated on heating with sulphuric 
acid, according to the following reaction: 


^10^8 Hh H2SO4 
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In this f*x|>fTi!iH‘nt, linwi'vrr, thnr«‘ in not. a nin^it* 

Hiilphonatn, an in the* oaso of lu‘nze‘ii(% !)ut. a niixturo of tavo 
isomeric eoinpoumls whoso fornmlaH are: 

SOaH 



«-HaphfliitIettt /oNaphthalen# 

iulphcjolc acid iulphoiik acid 


Which fine of the* twe^ proRinis shall ho formcal in tin* 
liiitoniif ilopomlH ii|Mnt tho toniporntnro. At tin* iompcn‘alurt* 
c4* tlio lihovo o\poriitioiit lITtP) tlir(*o parts of /f-aend tiro 
foriiital to otio purl of rr-nf’icL 

If tlio o.Eporiiitont hiid boon nirrioel out at IRO^ tlion four piirtn 
Ilf o-iioid w«nild havo boon foriiiod to oin‘ part of /i-aoitl. din* 
Si‘pa rut ii III of llioso iioiits dopinidH upon tlio tlifTc*riiig Holulnlitj 
Ilf fill* oiilriiifii Hiilts of tin* two iHouiiu’ic* aedfls. At ICT can* 
jiiirf Ilf rf“Sfilt ilimolvoH ill Ifho pfirts of the /f-milt anti rin|uirc‘H 
7h |iiirts of iviifor for its soltilioii. From a solution containing 
both salts, the iiiori* soliibli* /f-sjdi tiiiisi crystallizes out firnt 
iiiiii tliiis by fritclifimil crysiiilli/iiiiioii Ins niyMiriited from its 
iiiori) miliiiilo inoiticrif* suit of tlio fi-acicL 
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of i^-Naphthol from Sodiiiiii-/i-l‘aphthftleE® 

Sttlphonatt. 


/\. 


V' 


s« 0 ,lla 


“F wa ifeO IS 




00 


+ K%SOn 


III pfirij HO#Jiitiii-/f-tiiiptttJiiiIi»iif* siilplioniitn; 

30 iiiirtu siiiliiiffi fiyiittixifb (piiri! ns fKisnlbli!); 
1 part wmictr. 
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I in 

1 lit* Hitiiiiiiii liydfoxitii* ii4 liriiki’ii iiitu Hitiiill |iif*rr?4 tin* hiei* 
f»r li liriiii, frrjifi*il wifli f}ii‘ wiilti; iiiifl in ii iiirki*! 

ffurililr III 1 * 111 . liipli iiiid K fill, ill if^ n 

i^4/4i, iiilli ^ttirriiig iit 2KIP. 

Hit* ^itirriiiK w ihnu* with ii ilirrrriiiiiint4*r tlti* Itiwt»r mil <if 
whirti ii4 frtiiii tlii» itriinti nf ||if» fmnl nitwtif mimIii 

by Ii rii|i|irr mnv iir tiilin, iilwitit III riii. Imig nml K iiihl in 
iliititiiAtnr. Till* niipiMirtml by n 

i4|inniri% liiiviiig fi l•fltllil rut ilmvti niir well*. Tlii^ lifiltiitit of 
fill* liitir ii4 fillril mdtli oil In Mirli n liriglit m tii ro%-^t*r ilir 
liiilli Ilf fill* lltorifitiiiirfrr. By fiiwliifig ii |i-rifiiriiloii rcirk «vi*r 
till* tifiiiiT mil Ilf till* riwr It limy In* iwrit m 

flit* i4tirriiig nub 11io liiitii!« ^intiltl In* jiroli*r|.i»il by glcivc*^ 

liini liti* ryrf4 by giiiMKrt4. 

MMiii ftio liirli 2Hlb, flit* iifiilillg in miitititiril 

iiitli ii nitiiillor ifiiitir liiiil tlir noiiiiiiii niijilitlijttmr niiluliiiiiitlf 
in ,‘pi*iril isriiitiiiilly willi Tlir trtiij«*riittirr will full 

itfirr ntrli iiiiflitioii; im mmv of ilm nitli in iitlitml titifil llir 
nri* npiiiii In 

Wlirii :tll I hr will- Intn tlir flitiiii* k iiirrriiMwl 

noifirwliiit tiiitl flirii I hr brroitirM piwiy with iwollltinfl 

Ilf ntniiit fiinl friifliiiiit, liitd fimtlty, iit iilimil Slll% tlir n*iii 
rriirliiiii fiikrrt jiljiri*. By liohliiiK tlw* triiijirmiiiri! ill ♦lllb rMF 
for litwiitf fiv«* tititiiilrn tin* manfi tiiiii f!ir n^irtiiiii k 

i'liliijilrtir Tlir iiii*lfrii tiiiinn k jiotimi lijMtn a strong ro|)|if*r 
|>iatr iiifli iifiiiinirii of mu*h it ifmt <tir fihitr m 

nivrrrB with mily ii tliiii kyrr of I hr Ih|iii<L Thr }ioiliofiii of 
ftir iliirk ntiBiiiiii iiii|t!ttlioliifi* limy hr nwily ctkliiifiiikliril 
fioifi flip ttiktitf*r riiiintir noilio Wlirii tiir k rol4» it m 
tifoLrii liji iilpl flkniiivnl ill mittrr, Tlir int|ilittifil itnrlf m 
Iip*i‘i|iifiilrt| itl llir imitiii^ ll•Illfll*r^ttlsri* by tlir mhlitbii of 
riitirriif.mfr*! tiyilriitdilnriV imid Ctiiifirr the* and itfirr 

rfiiiliio/ r^tritrlrd ivilli rtlirr, 

Tht* wiliilioft ovrr ftwril iitiliyilroiift filftiihork 

iilii! llir rflirr lii^illnl off ittiil ft friwiiiiiiiitiiig 

Ifimh rnitli II wifir ilrlivrry liilir k iinrd, Wltm tlir rtlirr tiiii 
brrii iriit«ivr<b tlir iiiiiiliftiol riniidiiiiig brliifiil k illnlillril 
Iivrr witliotll fidlig II rfififlriiwr. 
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Melting-point of /5-naphthol is 123°; the boiling-point, 286°. 
Yield, half the weight of the sulphonate used. 


Experiment 30 


Preparation of o- and p-Mtrophenol, 


G6H5OH + HNO3 
OH 

V 

o-Nitrophenol 


C6H4(0H)N02 + H 2 O 


OH 

/\ 


NO2 

p-Nitrophenol 


In 200 cc. of hot water arc dissolved SO grams of sodium 
nitrate; the solution is then cooled and treated while being 
stirred with 100 gi’ains of concentrated sulphuric acid. 
When the mixture has been cooled to 25°, add from a drop 
funnel, drop by drop, with constant stirring, mixture of 50 
grams of crystalli^jcd phenol and 5 grams of alcohol, which 
has been melted by gentle warming. During this time the 
temperature is kept between 25-30^ by immersing the con¬ 
taining beaker in water. Should the phenol mixture solidify 
in th6 drop funnel, it may safely be melted again by pouring 
warm water over the outside of the drop funnel and then 
wiping it dry. 

When the reaction mixture has stood for two hours, it is 
treatiKl with frequent stirring, with double its volume of 
water; the desired product separates and collects as an oil 
at the bottom of the beaker. The chief portion of the water 
is then pourc^d off from the oil; this residue is washed with 
water and after adding i liter of water it is distilled with steam 
until no more o-nitrophenol passm over. Should the nitro- 
phenol solidify in the condenser, it may be removed by with¬ 
drawing the water from the condenser and then as the 
temperature rises from the passage of the steam it wfll melt 
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and flow out. On readmitting the cold water, it must be 
done slowly to prevent cracking the hot glass tube. 

The distillate is cooled and filtered. The separated o-nitro- 
phenol is washed with water and pressed out on a porous 
plate or between thick folds of filter-paper and dried in a 
desiccator. It is then obtained quite pure. 

The non-volatile p-nitrophenol has remained during the 
above distillation in the flask. In order to obtain it, the 
mixture is cooled by immersion in cold water. The aqueous 
solution is then filtered off from the insoluble portion; the 
filtrate is then boiled for 15 minutes with 20 grams of animal 
charcoal; the water which evaporates is replaced by an equal 
quantity. The charcoal is filtered off, and the filtrate allowed 
to stand in a cool place over night and the p-nitrophenol 
separates out in long, nearly colorless crystals (needle-shaped). 
Any oil still remaining in the distillation flask is boiled with 
a mixture of one part of concentrated hydrochloric with the 
use of animal charcoal. 

o-Nitrophenol melts at 45°; yield, 30 grams. 
p-Nitrophenol melts at 114°; yield, 5-10 grams. 


Exi>eriment 31 

The Preparation of Malachite Green. 1. The Preparation 
of the Leuco Base. A mixture of 50 grams of dimethylaniline 
and 20 grams of benzaldehyde is heated in a porcelain dish 
frequently stirred, on a water-bath for four hours, with 20 
grams of zinc chloride which has been previously prepared 
for this purpose by fusion in a porcelain dish and pulveriza¬ 
tion when cold. 

The product is a viscous mass which cannot be poured 
directly from the dish. To melt it, boiling water is poured 
upon it while it is being heated on a water-bath. While still 
hot, it is poured into a half-liter flask. 

Steam is passed into it until no more drops of dimethyl- 
aniline appear in the attached condenser. The product 
remains behind in the flask as a non-volatile sticky mass 
which adheres firmly to the walls. This is the impure leuco 
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base of the dye. When the contents of the flask have become 
cold, the aqueous portion is poured off; the base, sticking to 
the walls of the flask, is washed several times with water 
and then dissolved in the flask with alcohol while it is being 
warmed on the water-bath. 

The alcoholic solution is filtered and allowed to stand over 
night in a cool place. The pure base separates out in colorless 
crystals. These are filtered off and washed with alcohol and 
dried by pressing between the folds of filter-paper and sub¬ 
sequent exposure to the air. A second product may be 
obtained by evaporating the mother liquor to one-half its 
volume and allowing it to stand in a cool place. 

Should the base separate from its alcoholic solution as an 
oil instead of in the form of ciystals, this is due to the use 
of an insufficient quantity of alcohol for the solution. To 
remedy this more alcohol is added and the mixture is heated 
until the oil has dissolved and the cooling is repeated. 

/OeHr, 

CeHgOHO + 2CoHr,N(OH3>> = H0^06H4N(0H3)2 + H^O 

\06H4]Sr(0H3)2 

Benzaldehyde Dimethylanilme Malachite green. 

Leuco base 


2. Oxidation of the Leuco Base and Its Conversion into 
Malachite Green, Dissolve 10 grams of the leuco base (thor¬ 
oughly dried) by heating it in a quantity of dilute hydro¬ 
chloric acid, which corresponds to 2.7 grams of anhydrous 
acid. To obtain this amount of acid, dilute pure hydrochloric 
acid with double its volume of water, determine its specific 
gravity, and by reference to a table find how much anhydrous 
acid the solution contains. Calculate how many cubic centi¬ 
meters of this solution must be taken to get the required 
2.7 grams of anhydrous acid. 

The colorless solution of the leuco base in this amount of 
acid is then diluted in a largo beaker with 800 cc. of water 
and treated with 10 cc. of 40 per cent acetic acid (sp.gr. 1.0523), 
prepared by gradually diluting glacial acetic acid with 
water. 
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The mixture is well cooled by adding pieces of ice; then 
with stirring gradually add, during five minutes, a quantity 
of lead peroxide paste which contains 7.5 grams of pure lead 
peroxide. The peroxide is weighed off in a beaker and stirred 
with the addition of sufficient water to make a very thin 
paste. 

After adding the peroxide, the mixture is allowed to stand 
five minutes with frequent stirring; then add a solution of 
10 grams of Glaubcr^s salt, dissolved in 50 cc. of water. The 
solution, after stirring and allowing to stand for five minutes, 
is filtered through a folded filter from the precipitate of lead 
sulphate and lead chloride. The filtrate is treated with a 
filtered solution of 8 grams of zinc chlorides, dissolved in the 
least possible amount of water; a saturated solution of salt is 
then added until the dye is wholly precipitated. 

The complete precipitation of the dye may be easily recog¬ 
nized by bringing a drop of the solution with a glass rod on a 
filter-paper when a bluish green precipitate will appear, sur¬ 
rounded by a circle of still fainter light-green color. 

The precipitated dye is now filtered off with suction, washed 
with a little saturated salt solution, arid pressed out between 
folds of filter-paper. To further purify it, the dye may be 
dissolved again in hot water, and after filtering and cooling, 
thrown out by adding the saturated salt solution. 

H0^06H4N(CHD2 + O = H00f-06H4N{OH3)2 

\0aH4N(0H3)2 \06H4N(0H3)2 

Malachite green. Malachite green. 

Leuco base (white) Color base (white) 


/OftHs 

0^CbH4N(CH3), + H 2 O 

\08H4=N(CH3)2 


01 

The dye: 
Malachite green 


. /OeH, 

HO 0^08H4N(CH,), + iH Cl = 

\06H4N(CH3)2 I 
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The Preparation of Fluorescein. 
CO 

.0 + 20„H,(0H.) = 

^00 

F&liiilte ioiifirii* Eeitirck 


/OiiH4™OH 


Ox 


CFr©« mU) 




OO-Olfi. 


Mit) 


Tlifiiiiiiirlily tiiit mid p'riipl iii ii iticiriar 15 graniH of 

jditliiilit* iiiiiij«lri«lr mid 22 of ri^otrio mill hoiil tlio 

iiikfiiro ill II fiitiall Itoitlior PtH|w*ridod »i mi oil Iiiiih io 1H(R 
To I til* it4*l iiliiio Htirriiii^, mill in iho ooiimci 

Ilf ff*ii liiitnitix, 7 uniiii^ of |iiilvi*rir,f!fl cdilorlili*. TIiIh Ih 
profiiirri! m foilow.H: Ton icrttirtfi of tlio itotiiniorfdiil Midi, 
1 %‘tiirli roiitiiiiiif wittor, iiri* riiroftiliy ti«nif4*il in a pornn- 

iiiiti iiteli ii¥or A frro fliiiiso iiiitil it irmly. Wtiitn ii Iiiih lit»nn 

feopt ill It roiiditioit for a frw ii k ooolnil mid 

tin* in rniiioTOil from ilin dkti mid pul- 

i^orjiriL iTIii* rotfiiiimriiil iitlt itififfTod to k ttm iiiiliydroiw 
fiiii! iiol flio rryf^fiitlkod liiiif! fdiloridri*) 

Alter lilt* ailililkiii of ftio 7 griinii of tlm mtliydroiw «idi^ 
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tiiiiifil until till* liqiiiil, wliirli ^nitltmliy tliic*k«*iis, 
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llii* iiiHiiliiltlr fliiiirirnroiii in miltiliii* iii a soliilion of 

mnUi: 1 *t» a liltli* of llio piiwilor, riioilgli to rovor flu* 
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of riiii:Nfir loidii iitifil llio fliioriwdii Fiiiir 
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flit* ifioj'ivrr iiaik^ iiioiiipl tlio vv^mI iliiriiig tlir , 
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Place 15 grams of fluorescein in a flask and pour upon it 
75 cc. of alcohol (about 95 per cent)^ and add with frequent 
shaking 33 grams of bromine, drop by drop, from a Winckler’s 
burette. This prevents any danger from the bromine coming 
in contact with the fingers. As the specific gravity of bromine 
is very nearly 3, the 33 grams will occupy 11 cc. 

As the bromine is being added, it will be noticed that the 
the portion of the fluorescein which has not dissolved in the 
alcohol steadily diminishes and that as soon as about one-half 
the bromine has been added, a clear dark reddish-brown 
solution is formed. This is due to the fact that th(i fluocrscein 
dibromidc, which is first formed, is easily soluble in alcohol. 
By the further addition of bromine, the fluorescein tetra- 
bromide or cosine is produced. This, .since it is only slightly 
soluble in alcohol, separates out in the form of brick-red 
leaflets. When all the bromine has been added, the mixture 
is allowed to stand for two hours, the precipitate is then 
filtered off, washed several times with alcohol, and dried 
upon the water-bath. The product so obtained is a compound 
of one molecule of eosinc and one molecule of alcohol. Pure 
cosine is obtained from it by heating in an air bath at 110°. 
During the heating the color brightens. Since cosine is itself 
insoluble in water, the soluble salt of sodium, potassium, or 
ammonium is prepared for use as the dye. 


^ Br Br 

°\/^°\/\ 


Br 


OBa 

Br 


I 

/^OO'ONa 


V 

Sodium salt, eosinc 
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The Salts of Eosine. 
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l. Annimiiiiiiii Htmntr. Fiiur into a orj'BtalliTiiniP' dwh s^ufTi- 
(•ii'iil riiiit’i'jitrail’d luiiiiioiiiii to fill it iim*-<‘i}i;hth full. Dvit 
llii* fiiji of ihi- didt pilin’ si wlroiiK filtiT-pHjMT litrgo i-nonRli to 
allow till- I’dgi’ to Im* pri‘«i«'d I’lirofuily down oit'iT thi’ rim 
of till* di«h and ti«d firmly, rpoii thi* jwjmt lh«> ariil c’lwiuft 
i** iiow' I'pri’iid III II liiyi'T iiliont | I’ln. in tliii'kni'HH uiid the* 
ivholi* lovi’ii'd ttith !i glani' ftintn l. Tim ninmonin Riw UHwml- 
ing ll*fo» 4 'lt fill’ iiri»'k''iril jiowdi’f of iIh' fi'i’i’ iirid miiki’H it 
anidnjdlv n’ornu- 111*- darkiT oolor of the itmnioiiimit wilt. 
In nlmtd ilirn- honri’i tin* I’onviTHion in coinjilrtc and tlin 
pnidurt loll i4'- of ilitrk iid I'lvMiiD of u Kri-i’iiifih luMtri'. 
Thi' iiid of fill- IIwiion i* iiH« riniiH’d hy nddiiiK a littli* of tin* 
powdt ( to wiitn If it diwolvi’f* fin- riwtion w i-mli’d. 

i. Sitfhmt. tirind t* KUim- of io/iih' with I uram 

of nnhyiiioiii .tidiHin I'juhomdi' and ptai'i* it in a l«’iik«*r not 
loo winill Moi4i’n th*’ jHiwihr with ah'ohol and iidil o 
of wat*i Jhai it upon thr wsifoi-hath imtil no inorr inilMin 
dioHiflo 1’ ivolvrd To tin' nwilfiiiK ii«ii«'oiw wihilion of 
lodfiiin l o••^«| , add iff t'litnm tor 'i.'i oi’.f of iiloohol, hi'iit to 
hotlinij. and fihor tfio 'solution. Wlwn it w I’old, fho widiiini 
-!,l» Mpiimti A out in fho form of iipiindid rod tioodlon with ft 
tiw’iidlir ht'tro, A« in tho riiw of many dyoa, thi* orywtaUiza- 
tioi! fi*«jutrt> ti Jonff fiHM* ft liny at li'unl w niiooimaiy'. 
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CO*OKa 


Sodium eosme 


Expekxment 35 


Preparation of Crystal Violet. 


06H4N(CH3)2 /C6H4N(0H3)2 

+ H06H4N(0H3)2 

>U 0 H 4 N( 0113)2 

■06H4N(0H3)2 

Mlchler’s ketone Dimethyl anilino 


Crystal violet. 
Color base 


yC 6 H 4 K(OH 3)2 

p0 0^06H4N(0H3)2 + HlOl = 

' \06HN(0H3)2 


crystal violet. Color base 


/06H4N(0H3)3 
CI^06H4M(0H3)2 + =2 

\06H4===N(0H3)2 


Crystal violet. Tbe dye 
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lioiit«‘i| ill lilt opoii dry flank for fivo hoiirn on an artivolv 
jadliirg wittor-liiifli. dlio ldiiO“r'olorc*d prcHliici in tlu‘n {Knirtnl 
into litado alkidiiio with ii Holiitioii of f*atiHti(* Hoda and 
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fliiiif*!liylniiilini* pnnn ovor. ctMil, llio Holidilind 
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I liif'i laftrr is numu liiiiloil \%ith a ffiiaiitity of diluto 

If)firoidilorii* nriif; Itds oporiilif»ii is ropntlod inifil fho rividiic* 
aifiiont nilirfly ilissolvod. din* lihio Hiiliifions tIiiiH <»htiiirii*d 
iin* iitiitisi «riii iitn*ti rold, |iiiha»ri/ 4 si milt is iwidml witli rciii- 
sliiiif ntinlui^ until ilio dyr is |iroi‘ifiitjitnii. 

If Is lliofi lillfuisl with siifiiiiii and 
fidds fif filtrr-piipi’r itiid rrystfi!li/4*d frotu a liftlo w«ti*r. 

IhirifiK roolifig, tin* tuysfnl hfriiis roitrHi* rrystiils of ii 

gri'suiisli tiisirr: nrn filli*rrcl off mid driocl in iliij itir 

iipiiii lillrr«|iii|irr. 

Prtparatinn of Aiirtmini 0, in it mortar, 2.1 grants nf 

\I|rh|r|krioiif* ai'i* tfioroiiylilv lltixoil tviilt 23 grjiiim Ilf 
aiiiiiitiidiitii rfiioiiiir jitid S» |iriti«s of itftliydritiis /Jiii* idilcirifli* 
P'lUiiifpufi'iil /Jiir riilotidi* IS iiiidioti in a piimdfiiii 

di'4i and liopf in a sfafoitf fiiKimi for tm llioit 

fiiai piikoii/.rdn 

d1ii‘ iiii\!iiir fpiw fliiiiHformt iiilfi a ftorrrliiiii Jiir nr ii 
fliMs lfriikif» wliirli Ihrii '4!iHt|MUi*lr«i |ii mi fdl Iiilltl, Tha 

If fii|#*uiitutn tif fhr iw raiHsi to Tin* tiihiiin* 

ifiiisiiirdk' mills mul tiirii^ yidlfiw, 

I'lifiii fimr If* tiiiir *lir turns is woll islirmd, iitid t!ir fiiwl 
mum y lit Ii fi'iiijirmtiiri* nf ITill-llilf'’ for fuiir nr tivu 
iiitiirs. Till* «*iid Ilf llw* muthm itiity In* r«*ri#giiiwl tiy iiifikitig 
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a test in hot water of a small portion^ which should almost 
completely dissolve. 

After cooling, the melt is removed with a little chisel, finely 
powdered, and treated with cold water containing a little 
hydrochloric acid in order to dissolve the excess of ammonium 
chloride and the zinc chloride. The residue is then extracted 
with water at 60-70° (higher temperature causes hydrolysis), 
filtered from any unchanged ketone, and salt added to the 
filtrate with stirring until the dye separates out. It is then 
filtered off and dried between folds of filter-paper. 

The crystalline product is purified by recrystallization from 
hot w^atcr, which should not be above 70°. The product is a 
powder of a sulphur-yellow color. 



01 


Auramme. (Free base) Auramine hydrochloride. (The dye) 

Experiment 37 

Preparation of RosanRine Color Base. 

^0H3 ^0H3 

yC6HsNH2 /C6H3N(0H3)2 

C^C6H4NH2 + NaOH = HOO^C6H4N(OH3)2 + NaOl 

\06H4=NH2 \CeH4N(0H3)2 

I 

Cl 

Rosaniline Color base of rosaailine 
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III lifi*r Ilf ir> I^rmm nf powclerocl ro^anilinc 

liir ivitli Wlitii siHi-uri‘cl that Bolution is 

liilil gniiliiiilly with niiLHtaiit a concentrated 

Miiltiliiiti Ilf Hnhi until the red liquid in decolorized. 

Hir lurw* mipenrH fut iimuliibli* colork^ss or pinkish 

mmirphum jirerifiitiiti*, Tlii?< m filfereil olT, wanhecl with water, 
i4iit| jiri*i4-i4i*il iiiit tiiifil dry ln*twefii the* fiilfln of filter-paper. 
lv\|«>Ni‘ II litfli* of tliii4 [wmiier tu the air lipoti a nliglitly moist- 
lilterqiiijii‘r,qiiifl liy tin* lirtiiiii tif tlic ciirl>oxiic acid of 
tlii^ iiir it rn'ill iiirii red. 

Ilitrr iff a i«»4 iiilie ciifiiiKli of till* rcij4iiiiilinc» l>ase to cover 
I tie Iwittiiiii I'lf if, mill 2tl rr. of wmler and nliake; the 
ill 4i|iilite hare hiiii|ily ^irqieiideil in wate-r. Now add 
vriv rrmliuilli, iiith roirUniii j^hakiiig, dilute layclrochloiic 
ip'id, lli«‘ imtii*- Iff idriii a ^df wliicii dinnolves^ giving 
file fdiiiiiP niPiiiiiliiit* «*i4i»r In the Fuliiiioii* 

Unmmuuxr M 

Spirit-Mttlii Anilini Bin# <ir Opml Bin#, 

tiitt 

HOCf-0„H4ll»OoHs + 3NH3 

Arfto# Ww* bmm 

.OB, 

.cCB**BO«a^ yOaKaWOsBts 
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■’*,0,»B!,IIB0„H4 \0^H4=MrHa6H6 
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AsBIb« blue. 
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Ten grams of rosaniline base (from Exp. 37), 100 grams of 
aniline, and 1.2 grams of benzoic acid are placed in a flask 
provided with a thermometer and a bent tube to conduct 
away a little aniline, ammonia, and water, which distil off 
during the process. The flask is placed upon a sand bath 
and heated gradually to 180°. It is kept at this temperature 
until a few drops of the hot liquid dissolved in alcohol and a 
little glacial acetic acid, when poured upon a filter-paper, 
show a pure blue by daylight which is tinged only slightly 
red by gaslight. The heating requires about three hours. 

The hot melted product is then poured into a beaker, and 
when cooled a little 100 cc. of pure concentrated hydrochloric 
acid (28 per cent) are gradually added with stirring. The 
aniline blue is thus precipitated, while an impure blue remains 
dissolved in the mixture of aniline and aniline hydrochloride 
(formed by the neutralization of a part of the aniline). The 
mixture, filtered hot at the pump, is washed with boiling water 
to which a few drops of hydrochloric acid have been added. 
The aniline blue thus obtained is dried on the water-bath. 
It appears in the form of a greenish or reddish-brown 
ciystalline powder. The yield is about 12 grams. 

The fiiltrate contains an impure blue. This is obtained by 
acidifying with hydrochloric acid until no further precipitation 
occurs. The precipitate is filtered off, washed, and dried as 
above. About 6 grams of the impure blue are obtained. It 
dyes duller shades than the opal blue. 

The shade and the yield obtained depend largely upon the 
time of heating. The temperature must not be allowed to 
exceed 180°. 

Experiment 39 

Preparation of Alkali Bine. In a 200-cc. flask are placed 
56 cc. of concentrated sulphuric acid. Ten grams of aniline 
blue in the form of a fine crystalline powder are slowly added, 
so as to keep the temperature below 35°. The apparatus 
should be placed under a hood, as fumes of hydrochloric 
acid are evolved. 


C*OAI..TAH DVHH 


Wliiii nil fill* fiiiiliiii* hliii* in llir !:f»m{H*riitun* m 

ki^jit III Xf iiiiiil n ff*w ilihitfcl with wiitrr ami 
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witli iviitii* iiiili! frin* iif aaiiL 
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All v\rrm itf lilliiili jirinliiri‘n u hrnivit riilitr, iiiiil if tliin h 
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Experiment 40 


Alizarine Yellow A. A thorough mixture of 12 grams of 
pyrogallic acid, 12 grams of benzoic acid, and 36 grams of 
pulverized anhydrous zinc chloride is made by grinding 
them together in a mortar. The mixture is placed in a 
200--CC. porcelain Jar or glass beaker and immersed in an 
oil bath. The temperature is slowly raised to 145*^ and the 
reaction is finished w'hen no more foaming occurs and the 
brown color does not increase. 

When it is cold, the product is pulverized and boiled with 
water and a little animal charcoal and filtered. The needle- 
shaped crystals of the dyestuff separate on cooling and 
they are filtered off and dried. 


.ooloH hL oh 

/ L-i\ 




OH 

OH 


8 OH 

^/Noh 






OH 


+ H20 


Benzoic acid 


Pyrogallic acid Alizarine yellow A. 


Expeeiment 41 


Nitroso Dimethyl Aniline Hydrochloride. 


N(0H3)2-H01 

/\ 


+ 


HONO 


K(OH3>>.H01 

/\ 


Dimethyl aniline 
hydrochloride 


NO 

ITitroso dimethyl aniline 
hydrochloride 


A 200-cc. beaker is charged with 69 cc, of concentrated 
hydrochloric acid, and into this is slowly poured, with stirring, 
20 grams of dimethyl aniline. Ice is then added imtil the 
temperature has fallen to 0°. In a small quantity of water. 
12 grams erf sodium nitrite are dissolved and this solution is 
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slowly added to the solution of dimethyl aniline hydrochloride, 
which is stirred mechanically. The temperature should be 
kept at 8°, or under, by adding pieces of ice from time to 
time. 

The hydrochloride of nitroso dimethyl aniline separates and 
after standing for some time it is filtered from the suction 
pump, washed with a little dilute hydrochloric acid, and dried 
between folds of filter-paper. 

Experiment 42 

Preparation of Methylene Blue. Twelve grams of dimethyl 
aniline arc dissolved in a mixture of 40 cc. of water and 65 
cc. of concentrated hydrochloric acid. Pieces of ice arc added 
with stirring until the temperature falls to 12-15°. While 
this solution is being stirred mechanically, a solution of 7.1 
grams of sodium nitrite is run slowly through a glass tube 
which dips U7ider the surface of the liquid. Pieces of ice are 
added as needed to prevent the temperature rising above 15°. 

The nitroso dimethyl aniline thus formed is reduced by 
the careful addition of 20 grams of zinc dust. The reduction 
is complete when the solution attains a clear red color. The 
amount of zinc added must be sufficient to completely neu¬ 
tralize the hydrochloric acid, so that a piece of Congo-red 
paper is no longer turned blue. 

A sufficient quantity of water is now added to dilute the 
solution to 500 cc.; then a solution of 12 grams of dimethyl 
aniline in the exact amount of hydrochloric acid to form the 
hydrochloride is added, and, further, a solution of 50 grams 
of sodium thiosulphate in a little water. 

This product is then oxidized by the addition of 25 grams of 
potassium dichromate and boiling for two hours. Thirty cc. 
of concentrated sulphuric acid diluted with 100 cc. of water 
(avoid accident by pouring the acid into the water with 
constant stirring) are now added and the solution is boiled 
to expel the evolved SO 2 . 

The resulting leucomethylene blue is oxidized by the addi¬ 
tion of 8 grams of neutral sodium chromate in a little water* 
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The dye is precipitated by the addition of salt, until on stirring 
no more will dissolve. 

The base so produced is filtered off and dissolved in a little 
boiling water to which a small amount of hydrochloric acid 
has been added, and the hydrochloride formed is precipitated 
out by common salt, filtered and dried between folds of filter- 
paper. 


ExPEiiiMEisrT 43 


Indigomonosulpho Acid. Pulverize 5 grams of indigo as 
finely as possible and treat it with 20 grams of concentrated 
sulphuric acid in a porcelain dish for not more than half an 
hour, stirring well from time to time. Pour the resulting 
product into a half liter of water. Stir the liquid thoroughly 
and allow to settle for an hour. 

Carefully pour off the blue liquid through a filter so as not 
to disturb the residue. Transfer this residue to the filter 
and wash twice with water. Wash out the solid substance 
from the filter into a beaker; add 100 cc. of water and then 
slowly add a solution of caustic soda until the liquid is alkaline. 

Filter from any unchanged indigo and evaporate the solution 
on the water-bath. The dry product is a sodium salt of 
indigomonosulpho acid, often called indigo purple, red extract 
of indigo, and red indigo carmine, mixed with sodium sulphate. 


06H4<f^%0=o/ ^06H4 + H2SO4 


Indigo 


0aH4/”%0=0/*^ >06H3S03H + H^O 

Indigomonosulpho acid 

06 H 4 < >0=0/ \06H3SO3H + NaOH = 






003=4/ >0=c/ ^OoHaSOaNa + H2O 

Nfin/ \nn/ 


'00'' ^00' 
Sodium fauUgomonosulpIionate 
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Expekiment 44 

Indigodisulpho Acid. Sulphindigotic Acid. Five grams of 
finely pulverized indigo are mixed thoroughly with 60 grams 
(or 33.3 cc.) of strong sulphuric acid and heated to 90° 
for half an hour. Pour the resulting pasty mass slowly with 
constant stirring into 300 cc. of water. Any unchanged 
indigo is removed by filtering and at the same time any 
insoluble indigomonosulpho acid. The blue filtrate contains 
the indigodisu pho acid. By adding to this a saturated 
solution of common salt, the sodium salt of the acid is pre¬ 
cipitated. The precipitate is collected upon a filter and 
washed with a saturated solution of salt. It is dried by press-, 
ing on a porous plate or between folds of filter-paper. The 
product is indigo carmine: 

0=o/ ^OfiHaSOsNa 

Indigo carmine^ 

Sodium indigodisulphonate 

17A8 


KaO^SCAH 


.NHL 

3\ y 
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The capital letters in parentheses attachctl to many names of dyes stand for the names 
of firms manufacturing them, the meaning of which is sliown in the following list: 

A Actieiigesellschaft fiir Anilinfabrikation, Berlin. 

B Badischc Anilin- und Sodafabrik, Eudwigshafen. 

By Farbenfabriken vorm. Fr, Bacyer & Co.. Flberfcld a. Rln'in, 

BK Lcipsiger Anilinfabrik Beyer <fe Kegel, Liiidenau-Lcipsig. 

C Leopold Gasella & Co., Frankfurt a. M. 

D Dahl & Co., Barmen. 

UH L. Durand, Hugenin & Co., Basic and Hunigen. 

H Read Holliday & Sons, Limited, Huddersfield, 

I Soci^t4 pour fTndustrie Chimique, Basle, 

K Kalle & Co., Biebrich a. Rhein. 

L Farbwerk Mulheim (formerly A. Leonhard). 

Lev, Levinsteir, Crumpsall Vale, Manchester 
M Farbv/erke vorm. Meister Lucius & Bruning, H6chst a. M. 

Mo. Soci^t^ Chimique des Usines du Rh6ne (formerly Gilliard, Mounct & Cartier). 


A 

Acetanilide, m-/>-diaminobcnzenc, 
35 

Acid azo dyes, 156 
Acid blue 6G. (0), 123 
Acid dyes, 142 
Acid green (By), 118 
Acid green (C), 111 
Acid magenta (11), 109 
Acid rhodamines, 270 
Acid rosamine A, 272 
Acid roseine (A), 109 
Acid rubine (A), 109 
Acid yellow (A), 157 
Acid violet 6B (G), 126 
Acridine 42, 335 
Acridine dyes, 334 
Acridine orange NO, 337 
Acridine orange E, 339 
Acridine yellow, 336 
Albumin dyes, 143 
Aldehydes, 60 
Alizarine, 3 
Alizarin dyestuffs, 347 
Alissarm orange A, 363 


Alizarin, reactions of, 358 
Alizarin recovery, 358 
Alizarin red S, 364 
Alizarine yellow F.8., 223 
Alizarine yellow G.G., 211 
Alizarine yellow R., 211 
Alizarin violet, 357 
Alizarin yellow A, 455 
Alkali hluQf 452 
Alkali blue (A), 114 
Alpha-naphthylamine, 39 
Alum mordant, 400 
Aluminates, 410 
Aluminum acetate, 407 
Aluminum acetates: basic, 408 
Aluminum chloride acetate, 412 
Aluminum nitrate acetate, 412 
Aluminum salts, 405 
Aluminum sulphate acetate, 409 
Aluminum sulphates: basic, 405 
Amaranth (C), 169 
Amaranth, 228, 229 
Amethyst violet, 313 
Amines, 30 
Amine phenyl, 30 
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Benzopurpurin 4B (By), 196 
Benzopurpurin B, 219 
Benzopurpurin lOB, 222 
Benzotrichloricle, 25 
Benzoyl green, 103 
Benzyl chloride, 25 
Benzyl violet (BK), 91 
Benzylidine chloride, 25 
Biebrich scarlet, (K) 186 
Bindschedlcr’s green, 277 
Bismarck brown (A), 154 
Bitter almond oil green (KB), 103 
Bituminous coal, 5 
Black azo dyes, 189 
Bloomstrand, 150 
Bordeaux S (A), 169 
Bordeaux extra (By), 204 
Brilliant black B (B), 191 
Brilliant Congo G, 221 
Brilliant croceinc M (C), 186 
Brilliant green (B), 106 
Brilliant orange G (M), 164 
Bnlliant orange R, 212 
Brilliant ponceau G. G., (C) 164 
Brilliant scarlet (Lev), 168 
Brilliant yellow (Sch), 209 
Bordeaux B.X., 219 
Butler yellow, 154 

0 

Carbazol yellow, 222 
Carbazotic acid, 63 
Carbolic acid, 57 
C/arbolic oils, 10 
Caro, Heinrich, 4 
Ceracine, 166 
Chicago blue 6B, 222 
Chrome violet (By), 129 
Chrome yellow D (By), 174 
Chromium acetates, basic, 414 
Chromium chloride acetates, 414 
Chrome green (By), 128 
Chromium mordants, 412 
Chromium sulphate, 413 
Chromium thiocyanate, 414 


Chromogen, 143 
Chromophore, 143 
Chromotrope, 175 
Chromotrope 2B (M), 177 
Chromotrope 6B (M), 178 
Chromotrope SB (M), 179 
Chromotrope lOB (M), 179 
Chromotrope 2R (M), 176 
Chromotropic acid, 176 
Chrysamirie G (By), 202 
Chrysoidine (A), 156 
Chrysoine, 214 
Chrysophenine, 222 
Citronino (DH), 161 
Classification of dyes, 141, 14.5 
Cloth red B, 219 
Cloth red B (By), 189 
Cloth red G, 218 
Cloth red 3B, 219 
Cloth scarlet G, 219 
Coal-tar, 5 

Cochineal red A (B), 168 
Cochineal scarlet G (Sch), 165 
Cochineal scarlet P. S. (By), 170 
Cochineal scarlet 2R, 211 
Coeruleine, 269 
Color base, 85 
Columbia black P. B., 224 
Columbia black R, 223 
Columbia green, 224 
Comparison of dyes, 135 
Congo brown G, 224 
Congo brown R, 224 
Congo corinth G (A), 197 
Congo red, 220 
Congo red (A), 194 
Congo rubin (A), 204 
Congo violet (A), 204 
Cotton blue (L), 111 
Cotton fibre, 403 
Cotton red 4B (B), 196 
Cotton scarlet 3B (K), 186 
Cotton yellow R, 215 
Crocein 3B, 219 
Croceine orange (By), 164 
Crocein scarlet O, 219 
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Crocein scarlet 8B, 219 
Crumpsall yellow, 215 
Crystal violet, 449 
Crystal violet (By), 92 
Crystal violet C (P), 92 
Crystal violet O (M), 92 
Cumidine, 38 
^-Cumidine, 229 
Cyanol extra (C), 123 
Cyclamine, 262 

D 

Dahlia, 87 

Developing dyes, 143 
Diamine black B.H., 220 
Diamine black R.O. (C), 199 
Diamine bronze G, 223 
Diamine brown M (C), 201 
Diamine fast red F, 220 
Diamine fast red F (C), 200 
Diamine green G, 224 
Diamine sky blue, 222 
Diamine violet N (0), 198 
p-Diamino-diphenylamine, 304 
Diamino stilbene disulpho acid, 
206 

Diaininotriphenylmethane, 81 
Diamond black F (By), 187 
Diamond black F, 219 
Diamond flavine G, 213 
Diamond green, 219 
Diamond green B (B), 103 
Diamond green (By), 188 
Diamond green J, 106 
Diamond yellow, 216 
Diamond yellow G, 216 
Diazoaminobenzene, 434 
Diazobenzene chloride, 43, 44, 45 
Diazobenzene nitmte, 148 
sulphate, 148 . 

Diazo compounds, 43, 147 
Diazonium chloride, 150 
Diazotizing, 148 

Dibromodioxyanthraquinone, 257 
Dibromodioxybenzoylbenzoic acid, 
256 


Diethylmetaminophenol, 264 
Dimethylaniline, 41 
Dimethyl-m-amino phenol, 249 
Dinitrobenzene, 420 
w-Dinitrobenzene, 27. 
Dinitrobenzenes, 15 
Diparadioxybenzophenone, 80 
Diphenylamine blue (K8), 97 
Diphenylmethane dyes, 132 
Diphenyltolyl methane, 80 
Disazo dyes, primary, 216 
secondary, 218 
Direct blue (M), 97 
Direct brilliant orange 311 (PIO, 
203 ‘ 

Double brilliant scarlet G, 215 
Double green (K), 93 
Dye salts, 142 

• E 

Ebert and Merz’s ^-acid, 51 
Emerald green (BK), 106 
Eosine, 255, 446 
Eosine B.N., 259 
Eosine orange, 258 
Eosine salts, 448 ' 

Erioglaucine A (G), 120 
Erika B, 213 
Ethyl green (A), 95, 106 
Erythrosine, 228, 231, 268 . 

Ethyl violet, (B) 90 
Eurhodines, 295 
Experimental work, 417 

F 

Fast acid blue R, 273 
Fast acid violet, B 271 
Fast blue (Br), 114 
Fast brown, 217 
Fast brown 3B (A), 107 
Fast brown G, 218 
Fast green (By), 69 
Fast green (0), 103 
Fast green J (MO), 106 
Fast neutral violet B, Sll 
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Fast ponceau 2B, 219 
Fast red, 214 
Fast red A (A), 166 
Fast red B.T., 213 
Fast red E.B. (B), 169 
Fast red D, 214 
Fast red D (B), 169 
Fast violet A, 271 
Fast violet (reddish), 219 
Fast yellow G (DH), 15t 
Fast yellow R (K), 158 
Ferrous sulphate, 415 
Fim blue (J), 101 . 

First runnings, 9 
Fisher, Emil, 78 
Fisher, Otto, 78 
Flavinduline, 331 
Flavopurpuiin, 361 
Fluorescein, 253, 445 
Food dyes, 236 
Fonnaldehyde process, 83 
Formic aldehyde, 60 
Fiactional distillation, 7 
Fiichsine, (B) 75 
Fuchsine S (H), 109 


G 


Galleine, 267 
G-acid, 56 
Gallic acid, 59 
Gambine R (H), 70 
Gambine Y (H), 70 
Gentian blue 6B (A), 95 
Gentianine, 288 
Glacier blue (J), 101 
Griess, 152 

Guinea green B (A), 116 
H 

Hantoch, 85, 151 
Helianthine (B), 159 
HeHotrope B, 2B, 315 
Heliotrope 2B (A), 205 
Helvetia green (Bi), 111 
Hwsian blue, 95 


Hessian bordeaux (L), 207 
Hessian brown M.M., 225 
Hessian purple N (L), 208 
Hessian violet (L), 208 
Hoffman, 78 
Hoffman’s violet (L), 87 
Hydrazines, 45 
Hydrazobenzene, 46 

I 

Imperial scarlet (By), 186 
Indamines, 275 
Indrazine M, 319 
Indian yellow (By), 161 
Indigo blue, 233 

Indigo disulpho acid, 228, 233, 458 

Indigomonosulpho acid, 457 

Indophenol, leuco, 280 

Indophenol blue, 281 

Indophenols, 279 

Indoine blue R, 216 

Ingrain colors, 180 

lion compounds, 415 

Iron liquor, 415 

Isomers, 17 

Isopurpurin, 362 

Isorosindulines, 328 

Isorubin, 86 

Italian green, 397 

J 

Janus red, 219 
Jet black R (By), 192 

K 

Kaiser yellow, 67 

Keknl6, August, 3, 78, 107, 150 

Ketone blue 4B.]Sr. (M), 107 

L 

Lanacyl blue B.B. (C), 173 
Lanacyl violet B (C), 172 
Lauth’s violet, 282 
Leather brown, 154, 217 
J^eather yellow, 340, 341 
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New fast green 3B (I), 102 
New fuchsine (M), S6 
New green (By), 103 
New methylene blue N, 288 
New patent blue 4B (By), 121 
New red L (K), 180 
New solid green B.B. and 3V (J), 
102 

New yellow L (K), 157 

New Victoria green (B), 103, 106 

Nicholson's blue, (Br8), 114 

Night blue (B), 08 

Night green (B) T.M., 115 

Nile bliTe A, 293 

Nile blue 2B, 294 

Nitrobenzene, 15, 27, 418 

Nitrol)enzene process, 83 

Nitro dyes, 62 

(h- and p-nitrophenol, 441 

;)*-Nitrotoluenc sulphonic acid, 207 

Nitrosamine, 183 

NitroKSo dimethyaniline, 455 

Nitroso dyes, 62 

Nitronaphthalene, 29 

Nitrosulphonic acids, 50 

o-w-p-Nitrotoluene, 28 

O 

Opal blue, 452 

Opal blue (C), 95 

Orange I, 228, 231 

Omnge II, 214 

Orange III (P), 159 

Orange IV (P), 160 

Orange G, 211 

Orange G R.X. (B), 164 

Orange G.T,, 211 

Orange M,N. (J), 161 

Orcelline No. 4, 166 

Orchil red A, 219 

Orthophenol sulphonic acid, 63 

Ovens, coke, 6 

examine violet G.E.F-, 223 

Oxazines, 290 

Oxy azo dyes, 162 


P 

Palatine black, 218 
Palatine red (B), 171 
Palatine scarlet (B), 170 
Paraaminobenzene sulphonic acid, 
52 

Paraleucaniline, 79 
Paranitraniline red, 183 
Paraphenetidine, 273 
Paraphenol sulphonic acid, 63 
Pararosaniline, 76 
Pararosaniline (H), 79 
Pararosaniline hydrochloride, 78 
Paris green, 93 
Paris violet, 88 
Paris violet 6B (RE), 91 
Patent blue A (M), 123 
Patent blue V.N. (M), 121 
Perldn’s violet, 2, 314 
Phenazine, 295 
Phenol, 57 

Phenol and ferric chloride, 425 
Phenolphthale'in, 250, 251, 253 
Phenosafranine, 307 
Phenylene blue, 276, 304 
Phenylene brown, 154 
Phenylhydrazine, 45 
Phenylrosinduline, 324 
Phloxine, 260 
Phloxine T.A., 261 
Phosphine N, 340 
Phosphine P, 340, 341 
Phthalelns, 250 
Phthalic acid, 250 
Phthalic anhydride, 230, 250 
Phthalophenone, 252 
Picraminic acid, 65 
Picric acid, 62 
Ponceau dyes, 163 
Ponceau B extra (M), 186 
Ponceau 2G.A., 164 
Ponceau 4G B. (A), 164 
Ponceau J.J. (MLy), 164 
Ponceau 2R, 212 
Ponceau 3R, 213, 228, 229, 230 
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Ponceau 3R.B. (A), 186 
Ponceau 4R.B., 219 
Ponceau 5R, 218 
Ponceau 6R; 215 
Potassium bichromate, 413 
Potassium resorcinate, 58 
Primula R, 87 
Printing black, 397 
Purpurin, 359 
Pyrainino orange 30, 220 
Pyridine, 41 
Pyrogallol, 58, 267 
Pyronine 0, 248, 249 
Pyroniries, 248 

Q 

Quinoline, 42 
Quinoline dyes, 332 
Quinoline yellow, spirit-soluble, 333 
Quinoline yellow, water-soluble, 334 
Quinoxaline dyes, 331 
Quinoneoxiines, 68 

R 

R acid, 55 
Red coralline, 131 
Red violet 4R.8. (B), 124 
Red violet 5R extra (B), 87 
Resorcin, 57, 230 
Resorcinol, 57 
Resorcine brown, 217 
Resorcine gieen, 69 
Resorcin yellow, 217 
Rhodamine B, 263 
Rhodamine 3B, 266 
Rhodamines, 263 
Rhodamines (acid), 270 
Rosaniline, 75, 451 
Rosaniline, acids upon, 433 
Rosaniline color base, 428 
Rosaline lake, 427 
Rosaniline leuco base, 428 
Rosaniline test paper, 429 
Rosazurine B, 220, 221 
Rose bengal, 261, 262 
Rosenstiehl, 84 
Rosindone, 327 


Rosinduline G, 327 
Rosinduline 2G, 326 
Rosindulines, 323 
Rosophenine S.G., 216 
Rubidine, 155, 166 

S 

Safranine, 308 
Safranine M.N., 312 
Safranines, 298 
Salicylic acid, 202 
Salting out, 427 
Schaeffer’s acid, 71 
Silk, 358 
Silk fibre, 403 
Sodium carbolate, 57 
Sodium phenolphthalein, 251 
Solid green J (B), 106 
Solid green O (M), 60 
Solid yellow (A), 157 
Soluble blue SB (BrS), 113 
Soluble blue lOB (BrS), 113 
Soluble blue (H), 111 
Spirit yellow R, 210 
St. Denis black, 397 
St. Denis red, 222 
Structure, aafranines, 301 
Substantive dyes, 193 
Sudan I (A), 165 
Sudan I, 211 
Sudan II, 212 
Sudan brown, 213 
Sudan (*, 210 
Sulphanilic acid, 231, 429 
Sulphine brown, 397 
Sulpho group, 47 
Bulphonic acid group, 47 
Sulphonic or sulpho acids, 47 
Sulphonic acids of naphthalene 
derivatives, 53 

Sulphonic acids of triphenylmethane 
dyes, 108 
Sulphur dyes, 142 
detection, 398 
remarks, 398 
Syndiazo compound, 151 
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T 


U 


Tannic acid, 416 
Tannin dyes, 142 
Tar, coal-, 5 

Tar, coal-distillation, 5, 7, 8, 9 
constituents, 6 
pitch, 9 

products, 11, 12 
still, 7 
uses, 6 

Terra cotta F, 217 
Tetrakisazo dyes, 225 
Tetrazobenzene-/?-naphthol, 185 
Tetrazobezkline chloride, 220 
Tetrazo dyes, 1S4 
Thiazine group, 898 
Thiazihes, 282 
Thiazol, 398 
Thiocarmine R, 289 
Thiodiphenylamine, 283 
Thioketone, 134 
Tolidine, 39 
Toluene, IS, 61 
a-w-Toluidine, 36 
p-Toluidine, 37 
Toluylene blue, 305 
Toluylene red, 305 
Toluylene diamines, 37 
Toluylene red, 307 
Triaminotriphenyl carbinol, 79 
Triaminotriphenyl metliane, 79 
Trinitrophenol, 57 
Trinitrotriphenyl methane, 79 
Trioxyanthraquintme, 359 
Triphenylme thane, 73 
Triphenylmetliane carboxylic acid, 
252 

Triphenylmethane dyes, 73 
Trop»olin 0.0, (C), 160 
T\irkey red, 3, 347 


TJranine, 253, 254 

V 

Vanadium, 344 
Vesuvine (M), 154 
Victoria blue B (B), 99 
Victoria blue 4R (B), 100 
Victoria green 3B (B), 102 
Victoria orange, 67 
Victoria violet 4B.S. (M), 178 
Victoria violet 4B.S,, 211 
Victoria yellow,-161 
Violet R (Mo), 87 
Violet R.R. (Mo). 87 
Violet 3B (Mo), 88 
Violet 4R.N. (J), 87 
Violet 7B extra (KB), 92 

W 

Water blue (B), 111 

Welter’s bitter, (i3 

Witt’s Toluylene blue, 278 

Wool, 358 

Wool blue (H), 113 

Wool fibre, 403 

Wool scarlet R, 212 ' 

Wool violet S (B), 162 

X 

Xylenes, 18 
ortho, 19 
meta, 19 
para, 19 
Xylidenes, 37 

Xylidine sulphonic acids, 52 

Y 

Yellow corallin, 131 

Z 

Zulkow^, 78 








